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PREFACE 


This publication covers the 7200 Processing Unit (for 
MRX/40 data-processing systems). It describes the 
functional characteristics, data formats, operating 
routines, and the System Control Panel. Each machine 
instruction is detailed, with a brief example. 


The publication is intended to aid programmers, system 
engineers, and data-processing managers and operators in 


better understanding and using the system. 


Appendices provide further details of machine formats 
and instructions. 


September, 1972 
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1. 


INTRODUCTION 


The MEMOREX 7200 Processing Unit is the major 
component in an |/O-oriented, business data-processing 
system. Its basic repertoire of 159 instructions provides a 
powerful facility for both business data-processing and 
scientific problem-solving. 


The 7200 is a byte (8 bit)-oriented processing unit. In 
addition to single-precision operations in bytes and words 
(16 bits), the basic instruction set accommodates 
problems requiring double-precision (32-bit) solutions. An 
optional set of ten floating-point instructions is available 
to extend the scientific capabilities of the system. 


A wide range of storage sizes, peripheral devices, and 
integrated adapters affords maximum flexibility in 
tailoring a system to meet a user's specific need. MRX/40 
is supported by an unusually comprehensive operating 
system developed by Memorex. This extensive 
programming systems support permits the user to 
concentrate on his application, rather than on the 
functions of the system. The combination of hardware 
and software capability provides a price/performance level 
normally associated with more costly data processing 
systems. The result is a more efficient and economical 
data-processing system for the user. 


Several characteristics: distinguish the MRX/40 computer 
systems: 


e Advanced architecture 


Wide range of peripheral devices 


e Extensive communications support 


Comprehensive programming systems support 


GENERAL DESCRIPTION 


PROCESSOR STATE CONCEPT 


GENERAL 


Data processing systems divide their time between 
input/output operations and arithmetic/logical functions. 
This conflict of interest usually causes large periods of 
system time to be dominated by input/output functions. 
Obviously, while this domination exists, hardware such as 
that dedicated to arithmetic/logical functions stands idle. 
This results in uneconomical time-versus-hardware usage. 


To avoid this uneconomical usage, the 7200 Processing 
Unit divides its running time into segments called major 
cycles. These time segments are cyclically assigned to one 
of eight processor states. For each state, a group of 
hardware registers holds information relating to the 
operation currently being performed by that state. A 
processor state and its associated group of registers, then, 
constitute a resource that is ‘dedicated’ to the solution 
of a particular problem. In order to effect this solution, 
each processor state shares with the other states the use of 
the common (or “shared’’) resources of the computer. 


Because only one processor state is active for a given time 
segment, the shared resources (principally, the 
arithmetic/logical unit and main storage) need concentrate 
on but one task during each major cycle. 


By assigning specific types of tasks to individual processor 
states, as well as by allocating major cycles sequentially to 
each state that is waiting to execute the next segment of 
its task, and finally by never granting a processor state 
two consecutive major cycles if another state is awaiting 
its turn, the processing unit ensures that the system will 
not be bound up by either computation or input-output 
activities. 
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Figure 1-1 shows the arrangement of the dedicated 
resources with respect to major-cycle assignments. If all 
processor states have tasks to do, the first major cycle is 
given to state 0, the second to state 1, and so on. When 
processor state 7 has had its turn (using major cycle 8), 
the scanning sequence begins again: cycle 9 is assigned to 
state 0, cycle 10 to state 1, and so on. If processor state 1 
had no task to perform, state 2 would receive cycle 2, 
with state 7 receiving cycle 7. Then, during the second 
scan, state 2 would receive cycle 9. 


In each scan, the I/O processor states are given 
precedence. This is because those states communicate 
with peripheral equipment, and normally handle that 
communication on a “can’t wait’’ basis. Processor states 
that do not operate under such time constraints are 
assigned lower-order positions in the scanning sequence. 


A software-controlled priority mode is provided for those 
instances when an I/O processor state can’t wait for its 
normal turn in the sequence. If that situation occurs, the 
Resource Allocation Network — which assigns the major 
cycles — grants the I/O processor state an out-of-sequence 
major cycle. This decision is made at the end of each 
major cycle; the action is similar to that of a system 
operating under a priority-interrupt scheme. It is this 
tailoring of the Resource Allocation Network around the 
1/O requirements that makes the MRX/40 system so well 
suited for file management and data inquiry-retrieval 
applications. 


CONSECUTIVE-CYCLE MODE 


As implied earlier, the major cycles are equitably 
distributed among the processor states requesting access 
to shared resources. To prevent a monopoly of the shared 
resources, the Resource Allocation Network does not 
normally give two successive major cycles to the same 
processor states. 


For those relatively infrequent cases where only one 
processor state is requesting access, the Resource 
Allocation Network may be directed to give that state 
consecutive cycles. This is accomplished through a bit in 
the Control register. 


Specific information for setting up the consecutive-cycle 
mode is given under the discussion of the Control register 
in Section 4. 


The Job Accounting option keeps track of the number of 


major cycles the Resource Allocation Network grants to 
each of the processor states. 
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MAJOR-CYCLE TIMING 


Every major cycle consists of a number of 
200-nanosecond “minor cycles”, during which time 
individual micro instructions (pl’s) are executed. 
References to main storage are also made cluring the major 


cycle. 


The length of each major cycle — and consequently the 
number of minor cycles contained within it — depends 
upon whether or not a main storage reference is made. 
The resultant variations in major-cycle length are shown 
below. 


Length 
(Micro- 
seconds) 


Function 
Execute instructions 


Read or write 
Main Storage; 
execute instruc- 
tions 


PROCESSING-UNIT ORGANIZATION 


A simplified block diagram of the 7200 Processing Unit is 
shown in Figure 1-2. The processor states gain access to 
the shared resources via the Resource Allocation Network, 
the function of which was implied earlier. Descriptions of 
other elements in the diagram follow. Information for the 
systems programmer about the inter-relationships of these 
components is contained in Section 4 of this manual. 


PROCESSOR STATES 


All eight processor states have equal capacity to perform 
logical, arithmetic, and bit-manipulative operations. 
Moreover, processor states 0 through 4 utilize special 
hardware that enable them to accomplish specific tasks. 
Because of this specificity, it is convenient to assign a 
name to each processor state according to its prime 
dedicated task: 


@ Processor State 0: Communications 
e Processor State 1: Not assigned 


e@ Processor State 2: Selector Channel 
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SYSTEM FUNCTIONS 
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GENERAL 
REGISTERS 


GENERAL 
REGISTERS 


GENERAL 
REGISTERS 


Registers 


PROCESSOR 
STATE 0 
Major Cycle 1 


Major Cycle 2 


PROCESSOR 
STATE 1 


PROCESSOR 
STATE 2 
Major Cycle 3 


PROCESSOR 
STATE 3 


Major Cycle 4. 


PROCESSOR 
STATE 4 
Major Cycle 5 


PROCESSOR 
STATE 5 


Major Cycle 6 
PROCESSOR 
STATE 6 


Major Cycle 7 


PROCESSOR 
STATE 7 


Major Cycle 8 
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PROCESSOR 
STATE 4 


PROCESSOR 
STATE 5 


PROCESSOR 
STATE 6 


PROCESSOR 
STATE 7 


e@ Processor State 3: Disc 
e Processor State 4: Executive 


e Processor States 5,6, 7: General Purpose 


Processor State 0 


This processor state contains an integrated 
communications adapter (ICA) to provide serial data 
communication over as many as 7 communications lines 
for both synchronous and asynchronous terminals 
utilizing switched networks and dedicated or local lines. 
An integrated console adapter, for service to the console 
keyboard/printer, is also attached to Processor State 0. 


Each communications line is controlled by a line adapter 
that is field-modifiable through interchangeable 
printed-circuit boards to accommodate a wide variety of 
customer applications. 


The ICA can communicate with local or remote devices 
operating with seven-level-plus-parity or eight-level codes 
in the following speeds. 


Asynchronous Synchronous 


Baud Characters/ | Baud | Characters/ | 
(bits/sec) sec (bits/sec) | sec | 


Three methods of operation are provided: 


1. Operating a local terminal over lines up to 50 
feet in length (no modem required). 


2. Communicating, via a common-carrier-provided 
data set or customer-provided modem, with a 
remote terminal using a compatible modem. 


3. Communicating, via an internal modem and a 
common-carrier-provided data access 
arrangement, with a remote terminal using a 
compatible modem. 


The asynchronous line adapters are full-duplex, permitting 
two-way simultaneous operation. In addition, when an 
adapter is supplemented by a suitable modem, a 
split-speed provision permits operating the primary 
channel at 1200 baud and the secondary channel at 150 


~ baud. This mode allows either channel to be transmitting 


while the other channel receives. Echoplex is also 
supported; in this mode, the received message is 
transmitted back to the sending station, allowing the 
sending terminal to monitor the performance of the 
transmission line. 


These line adapters feature the ability, under program 
control, to determine the speed of a remote terminal, to 
select a speed, to automatically answer, or to indicate a 
lost-data condition. Information may be coded in seven 
levels plus programmable parity, or in eight levels. . 


The asynchronous line adapters provide a subset of ElA 
standard RS-232-C interface (Data Transmission 
Configuration Interface Type L). 


The synchronous line adapters are half duplex. However, 
when connected to a full-duplex facility, they permit 
two-way alternate message transfer without line turn 
around delay. Synchronous communications are provided 
for Basic or Code Transparent EBCDIC or ASCII. 


The synchronous line adapters provide a subset of EIA 
standard RS-232-C interface (Data Transmission 
Configuration Interface Type D). 


Processor State 2 


This processor state controls data transfers to and from 
peripheral devices using integrated adapters, or to and 
from external controllers via the selector channel feature. 
An integrated card reader adapter (IRCA) provides 
control for a 1000-, 600-, or 300-card-per-minute reader; 
an integrated reader/punch adapter (IRPA) provides 
control for a 500/120 card-per-minute reader/punch. 


In addition to the adapters, Processor State 2 can handle 
up to seven IBM* 360/370-compatible external 
controllers via the selector channel option. Parity is 
generated and checked for all transmissions to or from the 
external controllers. 


Processor State 2 is capable of various modes of data 
transfer under control of different I/O Driver programs. It 
also can handle active devices in a controlled order of 
priority, as well as performing diagnostic testing 
operations. 
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Processor State 3 


This processor state contains an integrated file adapter 
(IFA) with direct interface to the disc drives. It controls 
communication between main storage and one or two 
MEMOREX 3664 Disc Drives. 


The IFA decodes commands to initiate these drive 
functions: 


e Positioning read/write heads to a specific 
location on the disc surface (seek) and selecting a 
read/write head 


e Locating a particular record or part of a record 
on the disc surface (search) 


e Writing a record or part of a record 
e@ Reading a record or part of a record 


Seek operations may be performed concurrently. All 
other operations are non-concurrent and may be 
performed only on a selected drive. 


Each record appears in fields of information separated by 
gaps. The disc processor can write count and data fields 
and read count, key and data fields. Command chaining is 
permitted: however, any attempt to read, write or search 
across a track boundary will result in an error condition. 
*Tradename — International Business Machines 


Processor State 4 


This processor state is used by the operating system to 
Monitor and control system operations. Unique functions 
performed by the operating system in this state are as 
follows: 


1. Assigning the execution of programs to other 
processor states. 


2. Assigning 1/0 operations within those programs 
to the cognizant I/O processor state. 


3. Supplying time-of-day information when 
requested by the various programs. 


4. Periodically reading the interval timer, and 
updating the time-of-day clock accordingly. 


5. Initiating error-isolation and error-correction 
routines when needed. 


' Items 2 and 3 are effected in response to the Service 
Request, a processing-unit instruction issued by the 
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general-purpose processor state requesting the 
information. (Certain instructions, including all of those 
directly relating to !/O, are “‘restricted’’, and cannot be 
executed by the general-purpose states.) 


Processor States 5, 6, and 7 


These are general-purpose processor states which may be 
assigned to execute user programs. Assigning one of these 
to a user program dedicates eight general-purpose 
registers, a Condition register, and a program address 
register for exclusive use of that program. The assigning of 
general-purpose processor states to user programs is a 
function of the system’s control program. 


MAIN STORAGE 


The 7200 Processing Unit provides byte addressability for 
up to 64K bytes of main storage (MS). Boundary 
protection during write references to storage is inherent 
for processor states 5, 6, and 7. Minimum storage size 
offered is 16K bytes. 


ALTERABLE CONTROL MEMORY 


The word-addressable ACM stores micro-instructions. 
There are 65 micro-instructions, used to form 
microprograms that implement execution of the 
processing unit instructions, control integrated 1!/O 
adapters, and control of certain special operations such as 
data entry or read-out from the System Control Panel. 


ARITHMETIC-LOGICAL UNIT 


Mathematical computations, Boolean functions (masking, 
for example), and data-shifting operations are handled by 
the ALU. Shifts of up to 15 binary positions may be made 
in a single pass through the 32-bit shift network. The 
existing ALU hardware readily accommodates 
double-precision and floating-point operations. 


REGISTER FILE 


All the registers associated with the various processor 
states are called, collectively, the register file. 


The purpose of the register file is to hold information 


pertinent to the operations currently being executed by 
the processor states. As mentioned earlier, the 
performance of a task by one processor state — executing 
a user application program, for example, or transferring 
100 words to a disc — involves many brief periods of 
activity, each separated by wider spaces of dormancy 
during which other states are active. During each active 
period, the less time spent obtaining the operands, the 
better. The register file offers just such a means of rapid 
retrieval. Its access time is roughly one-seventh that of 
main storage. 


The register file is divided into two functional areas, as 
shown in Figure 1-3. The first comprises the basic 
registers, of which each processor state has a set. The 
Basic register file is associated with the execution of 
processor state programs; its component parts are as 
follows: 


e General Registers — used as the programmer 
desires: as index, base, transient, or working 
registers. (Exception: zero cannot be used as an 
index register; specifying it as an index modifier 
indicates no indexing.) 


@ Condition Register — records conditions resulting 
from instruction execution (results equal, for 
example). The specific conditions are detailed 
below. 


@ Program Address Register — contains the address 
of the instruction currently being executed by 
the associated processor state. 


All registers in the Basic register file are addressable. A 
processor state may have access to any register within its 
own set (represented by the columns under the processor 
number in Figure 1-3) through use of the general-purpose 
machine-language instructions. 


The Extended register file contains the 1/O-related 
registers, the common block registers, and internal control 
registers which are used in conjunction with 
special-purpose functions, such as |/O data transfer and 
operating system control. The Extended registers have 
limited addressability. Some are addressable only by 
privileged instructions, and others only by restricted 
instructions. 


A complete description of the Extended registers — their 
usage and functions — is in Section 4 under the heading 
System Instructions. 


The Condition register records conditions resulting from 
the execution of both the basic instruction repertoire and 


the optional floating-point instructions. Twelve bits 
within the register record the resulting conditions. Figure 
1-4 shows the conditions recorded for the basic 
instructions and their positions within the register. 


e Bit O This bit position set indicates that 
arithmetic overflow occurred during an add, 
subtract or divide instruction. Being set during a 
Zero and Add, Add Packed Decimal or Subtract 
Packed Decimal instruction, it indicates that 
significant data within the field was lost. This bit 
position is always cleared following a Compare 
instruction. 


e Bit 1 This bit position set following a Compare 
instruction indicates that the first operand R11 is 
greater than the second operand R2, as explained 
by the note in Figure 1-4. This position is’also set 
for decimal arithmetic instructions when the 
result is positive. , 


@ Bit 2 This bit position set following a Compare 
instruction indicates that the first operand R11 is 
less than the second operand R2 (note in Figure 
1-4). This position is also set for decimal 
arithmetic instructions when the result is 
negative. 


@ Bit 3 This bit position set following a Compare 
instruction indicates that the two operands 
tested are identical. For decimal arithmetic 
instructions, it indicates that the result is zero. 
This position is also set for the non-decimal 
arithmetic instructions when a carry-out from 
adder bit position 0 occurs (link condition). 


e Bit 4 This bit position is set during a packed 
decimal instruction if an EBCDIC character other 
than 0-9 is found in the unpacked field, or if a 
hex representation other than a letter A through 
F is found in the sign portion of the lowest-order 
byte. This position is always cleared following a 
Compare instruction. 


e@ Bit 5 This bit position set following a Compare 
instruction indicates that the first operand R11 is 
greater than the second operand R2 (note on 
Figure 1-4). 


e Bit 6 This bit position set following a Compare 
instruction indicates that the first operand R11 is 
less than the second operand R2 (note on Figure 
1-4). 


e Bit 7 This bit position set following a Compare 
instruction indicates that the two operands 
tested are identical. 
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PROCESSOR STATE NUMBER 
0 1 2 3 4 & 6 7 


0 
1 
2 
3 | 8 GENERAL-PURPOSE EXTENDED 
REGISTER FILE 
FILE 5 
6 
7 
CONDITION 
PROGRAM ADDRESS 
Figure 1-3. Register File Layout 
pas SEE NOTE | 
OVERFLOW BOUNDARY ERROR 
(CLEARED ON COMPARE) (STORAGE VIOLATION) 
A>B; DECIMAL SERVICE REQUEST 


RESULT IS POSITIVE 
A<B; DECIMAL 


PARITY ERROR 
IN MAIN STORAGE 


RESULT IS NEGATIVE INVALID 
A=B; LINK; DECIMAL INSTRUCTION 
RESULT IS ZERO 
INVALID DECIMAL 
(CLEARED ON COMPARE) 
A>B 
A<B 
A=B 


NOTE 


BIT GROUPS 0-3 AND 4-7 ARE BOTH SET AFTER ANY OF THE COMPARE INSTRUCTIONS. INTERPRETATION, WHETHER LOGICAL (MAGNITUDE 
ONLY) OR ARITHMETIC (SIGNED VALUES), DEPENDS UPON THE INSTRUCTION, AS FOLLOWS: 


INSTRUCTION PURPOSE 03 4-7 
CMPX MAGNITUDE ONLY, LOGICAL LOGICAL 
cBY BYTE-ORIENTED 

cBYM 

CMPK ARITHMETIC, PACKED DECIMAL ARITHMETIC ARITHMETIC 
CMPF ARITHMETIC, FLOATING POINT 

CMP, CMPD, ARITHMETIC, WORD-ORIENTED ARITHMETIC LOGICAL 
cMPI, CMPM, 

CMPR, CMPT 


Figure 1-4. Condition Register Assignments 
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e Bits 8-11 Reserved 


e Bit 12 This bit position is set when a processor 
attempts to read from or write into main storage 
beyond its boundary limits invoked at the time. 


e Bit 13 This bit position is set during the 
execution of a Service Request instruction. 


—@ Bit-14 This bit position is set whenever a parity 
error is detected on a word (instruction or 
operand) read from main storage. | 


e Bit 15 This bit position is set when an undefined 
operation code is translated, or when an 
unprivileged processor attempts to execute a 
restricted or privileged instruction, or when a 
privileged processor attempts to execute an 
instruction that is restricted to another 
processor.” 


*The terms “privileged’’ and “‘restricted’’ are defined in Section 4. 


Generally, the hardware writes into the Condition register 
in 4-bit hexadecimal groups. For example, if the result of 
a decimal arithmetic operation were positive, bit positions 
1 and 5 would be set and positions 0, 2-4, 6 and 7 would 
be cleared. Bit positions 8-15 would be unchanged. On the 
other hand, for a Compare instruction that resulted in 
arithmetic and logical equality, 0-2 and 4-6 would be 
cleared, while 3 and 7 would be set. Bit positions 8-15 
would be unchanged. 


It is important to note that in the second instance, bit 
position 1 is cleared and no longer represents the result of 
the decimal arithmetic operation. This means that the 
Condition register must be examined before another 
instruction that can affect it is executed, or the prior 
condition indication will be lost. 


In the /nstruction Descriptions, Section 4, any instruction 
that affects the Condition register will stipulate which bits 
are affected. It assumes, then, that other bits are 
unchanged. 


2. FUNCTIONAL CHARACTERISTICS 


MAIN STORAGE ADDRESSING 


The MEMOREX processing unit is a 16-bit, fixed-point, 
machine. The basic memory unit is an 8-bit byte; two 
bytes are contained in each 16-bit main storage word. The 
word and byte relationship, with their respective bit 
positions, is shown below. 


ol fefetatsfe] fof] fa} +] eye fe | 


Lower byte 
(Byte 1) 


Upper byte 
(Byte 0) 
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Word 


For instructions, addressing must always be by words; 
however, the instructions themselves may deal with 
word-length (16-bit) or byte-length (8-bit) operands. 


Though instructions vary in length, they must begin at a 
word address in main storage. The lowest-order bit of 
word addresses are not used; thus, all word addresses are 
even. 


Byte-length operands may be in either byte of a storage 
word. Therefore, in byte-oriented instructions the 
lowest-order bit of the address is used to select the byte; 
the upper byte with an even address and the lower byte 
with an odd address. 


BINARY REPRESENTATION 


The arithmetic operands within the 7200 are either 16 or 
32 bits represented in conventional signed binary 
notation. The highest-order bit specifies the sign, while 
the remaining bits specify the value of the operand. 
Positive operands are represented in true binary form with 
a 0 in the sign-bit position. Negative operands are 
represented in the two’s complement form with a 1 in the 
sign bit. : 


ARITHMETIC 


The 7200 performs both single-precision (16-bit) and 
clouble-precision (32-bit) addition and subtraction. The 
single-precision, fixed-point data format contains a 15-bit 
integer value and a sign bit (Figure 2-1). 
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POSITIVE AND NEGATIVE LIMITS 


The largest positive number that can be expressed in a signed 16-bit word either in storage or in a register is +32,767: 
12 3 4 5 6 7 8 9 10 11 12 13 14 15 


Sign bit fala sibel Pah aber fate fan ale 
O= plus = renee 15 bits of magnitude —nnes, —— 


equal to 32,767 


The two’s complement representation for negative numbers is formed by inverting the positive binary representation and 
adding one: 


012 bit 13 14 15 

Sin 14444 94 °9°9 4 4 = 482,767 
oe 1 00000000000 Invert 
1 Add 1 

000000000000 001. = -32,767 


20 

bit eee 
1 = minus 2's complement 

representation of —32,767 


This -32,767 value, is however, one less in absolute value than the largest negative number that can be expressed in a signed 
16-bit word. The largest negative number is formed by adding (-1) to -32,767. 


Two’s complement 0 0 0 0 0 0 0 0 0 0 1 ~—32.767 
repreroniancn ee ee ee es ee (+)—1 
Sign bit weer 2 ee 


Although the same quantity of both positive and negative numbers can be represented in a signed 16-bit machine, the two's 
complement usage causes the positive and negative range of numbers to be offset by one number: 


Two's complement magnitude 


Sign 1 1 74 4 74 +4 ~=¢4 «4 ~=14 ~«+F 4 = 64+32,767 
bit 
32,768 
combinations 


0.60 1 +4 
0. =6«O 0 +0 
41°81 1 1 4 4 FF F 1 7 1 -1 
5 es | -2 | 32768 
combinations 
14/0 0 0 0 0 0 0 000 0 0 0 0 0 —32,768 


As a result of the offset there is one positive and one negative number which cannot be represented in its opposite form. The 
value zero can only be expressed as a positive number, which is apparent when we attempt to generate the two’s complement 
representation for positive zero. 


magnitude 
et 
Sign 0/0 00000 0 0 000 00 0 0 
bit +0 
Invert 
Add 1 
+0 


0;0 00 00000 0 0 00 0 0 0 


The same is true with negative 32,768, which can only be expressed as a negative value in single-precision notation. 


magnitude 
ee 
0 00000000 0 0 0 -32,768 
Invert 
Jt a ne ee 
000000000000 00 0 £~9#768 


13 14 15 


914 913 912 911 710 99 28 97 


268 95 24 93 22 921 


15 BITS OF MAGNITUDE 


Figure 2-1. Single-Precision Fixed-Point Format 


SINGLE-PRECISION ADDITION 


When both operands have like signs, the resulting sum 
may be too large to express in fifteen bits of magnitude. 
In this case a carry will propagate from the magnitude 
field into the sign bit position, causing the sign to change 
— this is overflow, recorded in the Condition register. In 
this example two positive numbers are added, resulting in 
a sum too large for the magnitude field. The resultant 
overflow sum is an incorrect negative value. 


carry magnitude 


+ 0/1 101111000780 1 4 ~«0 +28,438 


+ 0/0 1010014 101 1 0 0 14 1 (+)+10,675 


1/0 0711000311001 00 1 = +439,113 
ee ee 


magnitude representation is 
incorrect 


The carry changed 
the sign bit, 
causing overfiow 


In this example, two positive numbers are added, resulting 
in a sum too large for the magnitude field. The resultant 
overflow sum is an incorrect negative value. 


The addition of two operands with unlike signs cannot 
generate overflow since the result is the difference 
between the two, and it will be less than or equal to the 
larger operand. 


SINGLE-PRECISION SUBTRACTION 


Single-precision subtraction of two operands with unlike 
signs can result in overflow. Of course, overflow will only 
occur when the result is too large to express in 15 bits of 
magnitude. Overflow cannot occur when like-signed values 
are subtracted, because the adder result is really the 
difference between the two operands. 


DOUBLE-PRECISION 


Double-precision, fixed-point operands contain a 31-bit 
integer value and one sign bit, A 32-bit operand resides in 
two adjacent storage locations or two adjacent file 
registers (Figure 2-2). 


INFORMATION FORMATS 


The 16-bit registers and main storage words within the 
7200 facilitate the usage of hexadecimal notation. 
Hexadecimal numbering requires four binary places to 
represent each of the 16 different symbols within the 
system: decimal digits 0-9 and letters A-F. Thus, each 
16-bit word or register can contain four hexadecimal 
symbols representing values from zero to 32,7674 9. 


The hexadecimal symbols are also used to represent 
characters within the Extended Binary-Coded Decimal 
Interchange Code (EBCDIC). Each EBCDIC character, 
8 bits long, comprises two hexadecimal symbols. Although 
8 bits provide 256 possible variations, not all are used. 
The EBCDIC characters do represent the digits 0-9, letters 
of the alphabet, all punctuation and arithmetic symbols 
(such as + - ;>=), and special graphic and control symbols 
as shown in Table 2-1. 


Each EBCDIC character (letter, digit or symbol) is repre- 
sented in one byte (two hex symbols) as shown below. 


Hex C Hex 4 Hex 5 Hex E 
i —_] L —_ i | 
0 0 0 Oo 0 O Oo 141% 1 0 


12 3 4 5 


7,0 12 3 4 5 6 7 
oe Upper sees Lower byte aes 


EBCDIC character D EBCDIC character ; 


Since the decimal digits 09 can be represented in four 
bits and each EBCDIC character requires an entire byte, 
bits 0-3 are always 11115 (the hexadecimal character F) 


for those digits. As an example; the number 25 repre- 


sented in EBCDIC code occupies two bytes. 


eens | ES byte—————} 
01234564703i12345 67 


1131010 1 


— = ies oe Ny oe 


The numeric fields in EBCDIC, unpacked decimal fields, 
require a byte for each decimal digit. In an unpacked 
decimal field, bits 0-3 are always F1¢ except in the byte 
containing the least significant decimal digit of the field. 
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vc 


JBULIOS IUIOg-PeXI 4 UO}SI901g-8}qN0G “z-z esnBi4 


SIGN 
BIT 


16- BIT WORD 


8ITS ——__—_____—__ 


| i 2 ee 


UPPER BITS 


12 


13 


14 


15 


16-BIT WORD 


0 1 2————_———— BITS -—______-11 12 13 14 15 
e 


LOWER BITS 


BINARY POINT 


In that byte, bits 0-3 indicate the sign of the entire 
decimal field. The hexadecimal letters used to indicate 
the sign are these: 


Plus: A,F, C, or E 
Minus: B or D 


An unpacked decimal field can be packed to occupy a 
fewer number of bytes, by removing bits 0-3 of each 
EBCDIC digit except in the one containing the sign. The 
sign character is moved to the rightmost byte of the new 
packed field. The example below shows the number 
+18,63449 in an unpacked decimal field and then in a 
packed decimal field. 


rightmost 


ee 
unpacked field 


0-3 4-7 0-3 4-7 0-3 4-7 0-3 4-7 “plus’’ sign 


rightmost 
Oe ae 


18 6 3 4 A 


packed field requires 3 bytes 


“plus” sign 


If an unpacked field with an odd number of digits is 
packed, no portion of the resulting packed field is unused. 
If a even-number unpacked field is packed, the leftmost 
four bits of the resulting packed field are zeros. 


zero added 


packed field, zero added 
to fill out the byte 


[3] 


Unpacked field, even 
number of digits 


Table 2-1. EBCDIC Character Codes 
(Bits 4-7) 


(Bits 0-3) 


ETB 


oo T 
—_ 


192) 
m 
rr 


MeARRPESLHES 
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Every instruction consists minimally of a two-byte (16- 
bit) base instruction word. This base instruction word 
comprises two parts: an 8-bit operation code which tells 
the computer what to do with data; and two fields that 
specify, in general, the sending and receiving locations 
of the operand or operands used in the instruction. 


Often, the base instruction word is not sufficient to 
provide all the information needed for certain operations. 
In such instances, it is augmented by adding a second, 
or a third, and sometimes even a fourth word. The 
repertoire, then, comprises 2-byte, 4-byte, 6-byte, and 
8-byte instructions (two bytes in a word). This is the 
first consideration in determining the instruction type. 


An instruction operand may be located in one of three 
places: in the instruction itself (“immediate’’ operand), 
in a register (‘‘register’’ operand), or in main storage 
(““memory’’ operand). Operand location provides the 
second factor to be considered when determining the type 
of an instruction. Considering byte length and operand 
location, the repertoire may be divided into six basic 
instruction types: 

1. Register/Register (2-byte) 

2. Immediate/Register (2-byte) 

3. Memory/Register (4-byte) 

4. Direct/Register (4-byte) 

_5. Memory/Memory (6-byte) 
6. Memory/Memory, extended (8-byte) 


These six types are explained below. 


GENERALIZED INSTRUCTION FORMATS 


Although a variety of formats are used to express the 
159t instructions in the repertoire, better than 80% of 
them fall. into one of the six types listed above. The 
following delineates the formats for these six basic types. 


3. INSTRUCTION TYPES 


1. Register/Register (2-byte instruction) 


F: The basic operation code 


Ry: A field specifying the location of the 
first operand. (A register number.) 


Ro: A field usually specifying the location 
of the results of the operation. If the 
operation involves two operands, this 
also specifies the location of the 
second operand. 


2. Immediate (2-byte instruction) 


F: The basic operation code 


11: A 4bit quantity, the absolute value 
of which is used as the first operand. 


Ro: A field usually specifying the location 
of the results of the operation. If the 
operation involves two operands, this 
also specifies the location of the 
second operand. 


3. Memory/Register (4-byte instruction) 
F: The basic operation code 


M,: An address specifying the location of 
the first operand. 


t Does not include 10 for the floating-point option. 
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Ry: A register number, the contents of 
which may be used to modify the 
first operand address (see Indexing). 


Rg: A field usually specifying the location 
of the results of the operation. If the 
operation involves two operands, this 
also specifies the location of the 
second operand. 


Direct (4-byte instruction) 
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F; The basic operation code 


14: A 16-bit quantity, the absolute value 
of which is used as the first operand. 


Ry: A register number, the contents of 
which may be used to modify the 
first operand (see Indexing). 


Ro; A field usually specifying the location 
of the results of the operation. If the 
operation involves two operands, this 
also specifies the location of the 
second operand. 


Memory/Memory (6-byte instruction) 


F: The basic operation code 


M,: The first operand address 


My: The second operand address; usually 
specifies the location of the results 
of the operation. 


R, Two register numbers, the respective 

Rg: contents of which may be used to 
modify the first operand address and 
the second operand address (see In- 
dexing), 


Memory/Memory, extended (8-byte instruc- 
tion) 


ee ee 
My 
M2 

ily 


This instruction type deals with fields of 
operands, rather than single operands. F, R 7, 
Ro, My, and Mo are as explained under 5, 
above. The field length, in bytes, of the first 
operand is given by L 7; that of the second 
operand is given by L 9. 


As stated above, the foregoing are generalized formats 


only. Individual differences will be detailed in the 
instruction descriptions. 


ADDRESSING MODES 
Three addressing modes are available by which to obtain 


the operands used by an instruction: immediate, direct, 
and indirect. 


IMMEDIATE ADDRESSING 
Immediate addressing covers those cases where the 


operand is contained in the instruction word itself. 
Examples of ‘‘immediate’’ operands are: 


@ raw data 

e@ = shift count 

e = skip count 

@ a hexadecimal value indicating a bit position 
(in a register) that is to be tested, set, or 
cleared. 


@ an External Register number 


@ aprocessor number 


DIRECT ADDRESSING 


Direct addressing means that the related field of the 
instruction (Az or M7; Ro or Moa) specifies an address at 
which the operand may be found; the instruction specifies 
the location of the operand directly. 


INDIRECT ADDRESSING 


Indirect addressing means that the related field of the 
instruction (Ry or Mz; Ro or Mo) specifies a location 
that contains the address of the operand. That is, the 
instruction specifies the location of the operand indirectly. 


IMPLEMENTATION 


Direct and indirect addressing are indicated by the 
highest-order bits (designated ‘‘i’’) in the two R fields of 
the base instruction word. 


9 8 12 18 


For example, if bit 8 is 0, the register indicated by the 
lower three bits of the Az field (or the 16-bit address 
stored in the Mj field if this is a multi-word instruction) 
contains the operand. On the other hand, if bit 8 is 1, the 
indicated register contains the operand address; if this 
were a multi-word instruction, M7 would contain a 16-bit 
memory location the contents of which would stipulate 
the address of the operand. These rules apply equally to 
the bit-12 address-mode designator. 


Direct addresses may be even or odd, depending upon the 
instruction. Indirect addresses must always be even; 
whether the final operand address, located at the 
“indirect” address, is even or odd depends upon the 
instruction. 


Figures 3-1 through 3-5 show the addressing schemes 
available for each instruction type, using all possible 
combinations of the two ‘i’ designators. Note that as 
each format is titled, the basic instruction type name is 
manifested for the case where both bit 8 and bit 12 are 
0. In each example, when bit 8 or bit 12 is 1, the additional 
manipulation of indirect addressing is required. 


These figures do not give the complete addressing story, 
for there are still the indexing (or address modification) 
situations to consider. This is the subject of the next 
section, Indexing. 


INDEXING 


Indexing consists of adding to the value of an instruction’s 
M field (or the contents of the address specified therein) 
the contents of the register indicated in the corresponding 
R field of the base instruction word. Indexing cannot 
apply to the 2-byte instructions because those instruc- 
tions do not have an MM field. 


Indexing will occur in an instruction whenever the A field 
for the indexable M address contains a register number 
other than zero (that is, 1-7). If the A field (bits 9-11 for 
Ry; bits 13-15 for R5) contains a zero, no indexing for 
the related M/ address field is performed. 


The terms ‘‘pre-indexing’’ and “‘post-indexing’’ define at 
what point in the instruction execution the indexing 
occurs. If the register contents are added to the value of 


the M field, it is called pre-indexing. If the register con- 


tents are added to the contents of the address specified 
by the M field, it is called post-indexing. 


In the instruction repertoire, only one instruction (BCH) 
uses pre-indexing. Figure 3-6 shows how pre-indexing 
applies to that instruction. Figure 3-7 shows a similar 
instruction, 8, using post-indexing. Figure 3-8 uses one of 
the previously defined examples to show another example 
of post-indexing. In the Machine Instructions section, 
indexing is always indicated when it is valid. Except for 
the BCH instruction, which uses pre-indexing, 
post-indexing is assumed when indexing is indicated. 


It should be pointed out that, as the examples show, the 
two indexing methods differ only for the indirect 
addressing mode. That is, post-indexing must operate on 
the contents of the / field for the direct addressing mode 
{inasmuch as the “‘indirect’’ address doesn’t exist), and 
in this respect is identical to pre-indexing. 


The foregoing discussion has dwelt on address modification. 
But indexing may also be used to modify an operand. 
This fact bears repeating, for although indexing most 
frequently refers to address modification, operand 
modification is possible — albeit only for the second 
operand of direct-type instructions as evidenced pre- 
viously in ttem 4, under Generalized Instruction Formats. 


3-3 


11 J2 13 


11.12 ~=«193 15 


(ADDR) 


11. 12 =13 


2 (ADDR) 1200 
s[ 2500} avon ——+2s00 | no | 


1712~=«*13 15 


Figure 3-1. Register-to-Register Instruction Addressing 
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An important indexing consideration is this possibility: 
indexing can attempt to produce an operand address 
greater than the 16-bit capacity of the adder. This con- 
dition occurs when the operand address, M, and the 
modifying value in the indexing register result in a over- 
flow sum greater than 65,5354q or FFFF4,. If such 
happens, significance beyond 16 bits is lost; the remaining 
16-bit sum is the operand address utilized by the instruc- 


tion. 
M Address 48,391 = 1011110100000111 
Modifying Value 26,124 = 0110011000001 100 


Attempted Operand 74,515 1} 0010001100010011 
Address —— 


Lost Bit resulting operand 
address = 8979 


Of course, this condition can also occur when indexing 
an operand itself (the / field) rather than the operand 
address. No error indication is recorded when the above 
condition occurs. 


IMMEDIATE/REGISTER 


Figure 3-2, immediate-Register instruction Addressing 


0 . 7 8 8 # 11 12 #13 15 


1006 (ADDR) 


MEM/REG 


[20 J noon ——————> 1200 


an 
> 
o 
o 
2 
x 
(—] 
oe 


1000 (ADDR) 


Se on ee al 


*SEE SECTION ON INDEXING FOR CASES WHERE Ry # 0 


Figure 3-3. Memory-to-Register Instruction Addressing 


0 7 8 9 w 11 12 13 15 


DIRECT/REGISTER 


0 7 8 89 w 11 12 #13 15 


*SEE SECTION ON INDEXING FOR CASES WHERE Ri # 0 


Figure 3-4. Direct-Register Instruction Addressing 
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THIS EXAMPLE ALSO APPLIES TO THE 
“MEMORY-TO-MEMORY EXTENDED” 
INSTRUCTIONS. FOR THOSE 8-BYTE 
INSTRUCTIONS, INDIRECT ADDRESSING 
1S NOT ALLOWED FOR EITHER OPERAND. 


a 7 8 9 #* 11 12 13 # 16 


MEM/MEM | _ 
———————————> 2000 p10 


0 7 8 9 #* 11:12 «13° * 15 


1000 (ADDR) 
2000 (ADDR) 


1000 (ADDR) 
2000 (ADDR) 


—> 1000 [_ts00 Joon —_——» 1600 | 210 | 


1000 (ADDR) 
2000 (ADDR) 


—p> 1000 (ADDR) ————> 1600 | 20 
—> 2000 (ADDR) ——————> 2500 | 210 


*SEE SECTION ON INDEXING FOR CASES WHERE Rj, Ro # 0 


Figure 3-5. Memory-to-Memory Instruction Addressing 
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1200 (ADDR) 


RESUME PROGRAM AT ADDRESS 3000 


The BCH instruction causes an unconditional jump (or branch) to the address stipulated. If the Ry field were 0, 1200 would be 
the new address (or, if Bit 8 were a 1, the new address would be stipulated by the contents of location 1200). Because Rj is not 
0, the contents of the indicated register are added to the value of the M-field. The state of Bit 8 then indicates whether or not an 
additional storage reference is needed to obtain the final “jump to” address. 


Figure 3-6. Pre-indexing With BCH Instruction 


1200 (ADDR) 1200 + 60 = 1260 (ADDR.) 


RESUME PROGRAM AT ADDRESS 1260 


| 


1200 2340 + 60 = 2400 


RESUME PROGRAM AT ADDRESS 2400 


1200 (ADDR.) 


THE B INSTRUCTION ALSO PERFORMS AN UNCONDITIONAL JUMP, BUT USES POST-INDEXING. NOTE THAT B AND BCH 
(FIGURE 3-6) PERFORM IDENTICALLY WHEN BIT 8 IN BOTH INSTRUCTIONS IS A 0 (DIRECT ADDRESSING). THE INSTRUCTIONS 
DIFFER, HOWEVER, WHEN BIT 8 IN BOTH IS A 1 (INDIRECT ADDRESSING). 


Figure 3-7. Post-Indexing With B Instruction 


1200 + 60 = 1260 (ADDR) ——————-» RESUME PROGRAM AT ADDRESS 1260 


11.12 «#13 1 
1200 (ADDR) 


4000 (ADDR) 1200 + 60 = 1260 (ADDR) 


_ 1200 (ADDR) 
4000 (ADDR) 


1200 [2100210 + 60 = 2160 (ADDR) 


4000 2400 + 400 = 2800 (ADDR) 


‘ 


FOR OTHER VALUES OF THE ADDRESS- 
MODE DESIGNATORS (BITS 8 AND 12), 
COMBINE THE APPROPRIATE PARTS 

OF THESE EXAMPLES. 


Figure 3-8. Memory-to-Memory Instruction With Post-Indexing 


4. MACHINE INSTRUCTIONS 


INTRODUCTION 


The MRX/40/50 System machine instruction set is 
divided into two major categories: general-purpose 
instructions and system instructions. Generel-purpece 
instructions are the instructions needed to solve most dete 
processing problems using a defined software system. 
System instructions are specialized instructions used to 
reer and alter a software system. 


sWidibw ‘tines Go ealon Solapovies the instructions are _ 


divided into functional groups, and these functional 
groups are listed in siphabetical order, as shown in the 
foliowing table. 


General-Purpose instructions System instructions 


Arithmetic Control 
Bit-Oriented W/O 
Boolean Logic 

Branching 

Compare 

Control 

Data Conversion 

Data Transfer 

‘Shift 

Optional: Floating Point 


The instructions in each functional group are listed 
alphabetically by mnemonic. This rule holds for all in- 
structions except for logical pairs or groups of instruc- 
tions — these instructions are fisted alphabetically 
according to the first instruction of the pair. For instence, 
PAKX (Pack) will be followed by UNPX (Unpack), and 
SB (Skip Back Unconditional) will be followed by SF 
(Skip Forward noone: 


Remember the following rules when reading the machine 
instruction descriptions. 


1. The address of a memory field refers to the 
leftmost byte of that field. 


2. A word is defined as two bytes; the bit 
positions in a word ere numbered left to right, 
0-15. 


3. The operand fields of the instructions may be 
fixed or variable in length. Fixed-length 
operand fields may be one byte, one word (2 
bytes), or two words (4 bytes in length. 
Variable-length fields may range from 
0-65,535 bytes. 


4. Most instructions must address even bytes in 
memory; the rest can address even or odd 
bytes. The instructions which can address 
even or odd bytes are identified by a bullet 
following the instruction name (such as, 
Compare Packed Decima! e). 


5. The effective address of a field in memory 
is defined as the final address of the field 
derived from all specified addressing tech- 
niques. If no optional addressing techniques 
are used, the effective address is in the M 
field, otherwise, the effective address is a 
result of indexing, indirect addressing, or 
both. 


SOURCE AND OBJECT FORMAT INTERPRE- 
TATION 


The source and object formats of the operands are defined 
using the following symbols. 


The operation codes are presented 
in hexadecimal (00 through FF). 


Op Code 


R A general register number, 0-7. The 
register may be used as a sending or 
receiving field (0-7), or as an index 
register (1-7 only). 


E Extended register,0-16. (For RDX 
and WRX only.) 


Py A memory address, 0-65,535. 
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() 


An immediate value; the value 
varies depending on the instruction. 
The value may represent an amount 
used in an arithmetic operation, a 
shift count, a skip count, or a bit 
number. 


A field length, usually 0-255, but 
longer for some instructions. For 
certain instructions the length of 
an operand field may be defined in 
the instruction. The length specified 
in the instruction overrides any 
previous field length definition, 
but is only in effect for that in- 
struction. 


An at-sign (@) in a source operand 
indicates indirect addressing, an 
optional feature. For the instruc- 
tions in which a register is a send- 
ing or receiving field, the at-sign 
indicates indirect addressing for 
R1 or Ro. If a field in memory is 
the sending or receiving field, the 
at-sign indicates indirect acldressing 
of My or Mo. 


Index registers and field lengths are 
optional; they are enclosed in 
parentheses in a source operand. A 
source operand using both an 
indexing and a field length 
specification would be represented 
like this: M4(L4,R4). The comma 
in the parentheses must not only be 
coded when both the length and 
index register are used, but also if 
either one of them is used, as 
follows: M4(L4,) or M4(,R4). This 
enables the assembler to distinguish 
between the two specifications in 
parentheses. 


Bits 8 and 12 of the object instructions are used in almost 
every instruction to convey information to the computer 
concerning that instruction. If these bits are not inter- 
preted in any way, they are shaded; otherwise, the 
following symbols are used to define bits 8 and 12. 


i Indirect addressing indicator; for 
direct addressing i=0, for indirect 
addressing i=1. Indirect addressing 
is indicated by the programmer. 


f A sub-function indicator; indicates 
a function that the operation code 
alone cannot do. Function bits 
are set by the assembler. 


1,0 If bit 8 or 12 must be a 1 or aO 
for a particular instruction, the 
bit will be shown asa 1 or 0. These 
bits are set by the assembler; if 
the wrong bit state appears in the 
object instruction, a no-operation 

occurs. . 


An R, M, I, or L in source operand 1 is identified as Ry, 
My, !4, or L4; in source operand 2 they are identified as 
Ro, Mg, Ig, or Lg. These symbols are numbered so that 
they can be referred to easily (distinguishing between R4 
and Rg in the same instruction) and to make clear the 
location of these fields in the object format. 


The two major operand fields must be separated by a 
comma; no blanks are allowed anywhere in the operand 
fields. 


The following examples show how the source and object 
formats of the machine instructions are illustrated in this 
section. The at-sign and any designations in parentheses 
(field length and index registers) are almost always 
optional; if any of these designations are not optional, 
this fact will be noted. Data flow is usually operand 1 to 
operand 2, unless stated otherwise. 


EXAMPLE 1: Add Register- Register 


ADDR @R1,@Ro 
Optional at-sign that turns on bit " 7 8 9 " 


12 13 15 
12, indicating indirect addressing 
of Ro [____ oP cove | Ry tif Re | 


Optional at-sign that turns on bit 8, 
indicating indirect addressing of Rj. R4 and Rg are in the same relative position in the object format. 


The variations of this instruction are shown in the following diagram; depending on the use of indirect 
addressing, data flow may be register to register, memory to register, register to memory, or memory to 


memory. 
Ry Ro Since each operand can be expressed 
ADDR either of two ways, there are 
@Ry @R9 2 x 2 = 4 possible variations of this 
instruction. 


EXAMPLE 2: Move Memory-Memory 


MOVM @M4(R1),@M (Ro) 


Optional index register associated 


with Mo. 
Optional at-sign that turns on bit 
12, indicating indirect addressing DEORE 


of Mo. 


Optional index register associated 
with M4. 


ptional at-sign that turns on bit 
8, indicating indirect addressing of 
M4. 


The variations of this instruction are shown in the following diagram. Data flow is always memory to 
memory, but there are many ways in which the addressing options can be used. 


M4 ) Mog Since each operand can be ex- 
MOVM @M4 @M2 pressed either of four ways, there 
M4(R4) j Ma(R9) are 4 x 4 = 16 variations of this 

- @M4(R) @M(R9) instruction. 
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GENERAL-PURPOSE INSTRUCTIONS 


ARITHMETIC INSTRUCTIONS 


Mnemonic Name 
ADD Add Memory-Register 
ADDD Add Direct 


ADDI Add Immediate 


ADDK _ Add Packed Decimal e 
ADDM Add Memory-Memory 
ADDR _ Add Register-Register 
ADDT Add Two-Word 

DIV Divide Memory-Register 
DIVD Divide Direct 

DIVI Divide Immediate 


DIVK ‘Divide Packed Decimal e 
DIVM Divide Memory-Memory 
DIVR Divide Register-Register 


MPY Multiply Memory-Register 
MPYD Multiply Direct 
MPY | Multiply immediate 


MYPK Multiply Packed Decimal e 
MPYM Multiply Memory-Memory 
MPYR Multiply Register-Register 
SUB Subtract Memory-Register 
SUBD Subtract Direct 

SUBI Subtract Immediate 


SUBK Subtract Packed Decimal e 
SUBM Subtract Memory-Memory 
SUBR Subtract Register-Register 
SUBT Subtract Two-Word 


ZADK zero and Adde 


The following rules apply to binary addition and sub- 
traction. 


e@ The Overflow bit (bit 0) in the Condition register 
is set if the results of a binary add or subtract 
exceed the limits of a signed one-word or 
two-word result field. Specifically, overflow is 
indicated if the results are greater than 271.4 of 
if the results are less than -2™! (where n=16 or 
32 bits). 


@ The Link bit (bit 3) in the Condition register is 
set if the results of a binary add or subtract 
exceed the limits of an unsigned one-word or 
two-word result field. Specifically, link is 
indicated if the results are greater than 2"-1 for 
an add (where n=16 or 32 bits). 
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Add Memory — Register 


ADD @M4(R4),@R9 


FUNCTION: Performs a binary addition of a one-word 
field in memory and a one-word field in a general regis- 
ter or in memory. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address Mj include indexing, in- 
direct addressing, or a combination of both. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 


used, 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


@ Bit 0 (overflow) is set if the result is greater 
than +32,767 or less than -32,768. 


@ Bits 1, 2, and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


EXAMPLE 


tet fe ho ee AKO AE 42 18 16 TH Tb Sd WH IG 49 ay 42 @ 44 45 46 
re en 


The field identified by TAG(5) is added to the contents 
of register 7; the sum will be in register 7. 


Add Direct 


ADDD 


14(R4),@R2 


FUNCTION: Performs a binary addition of a one-word 
immediate value and a one-word field in a general register 
or in memory. 


OPERAND 1: A 16-bit immediate signed value in the 
second word of the instruction; the value may range from 
-32,768 to +32,767. / 


Indexing may be specified for operand 1. In this case, 
the value of operand 1 is derived by adding the !4 value 
and the general register contents specified by R4;no check 
for overflow or link is made during the indexing. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 


used. 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


e Bit 0 (overflow) is set if the result is greater 
than +32,767 or less than -32,768. 


@ Bits 1, 2, and 4-7 are cleared. 


© Bit 3 (link) is set if the result is greater than 
65,535. 


EXAMPLE 


RO 
seater tree rele neta hart 


The immediate value of 150 is modified by the contents 
of register 2 and added to the contents of register 3; the 
sum will be in register 3. 


If register 2 contains a value of 4, and register 3 contains 
a value of 10, the operation will add 150 + 4 + 10; the 
result of 164 will be in register 3. 


Add Immediate 


ADDI 14,@Rg 


0 7 #8 11(612—~«13 15 


| 32 F 


FUNCTION: Performs a binary addition of a 4-bit 
immediate value and a one-word field in a general regis- 
ter or in memory. 


OPERAND 1: A 4-bit unsigned value located in bits 
811 of the instruction; the 14 value may range from 
0-15. The I value is added to bit positions 12-15 of 
operand 2; bits 0-11 are zeros. 


QOPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


@ Bit O (overflow) is set if the result is greater 
than +32,767 or less than -32,768. 


e Bits 1, 2, and 4-7 are cleared. 


@ Bit 3 (link) is set if the result is greater than 
65,535. 


EXAMPLE 


The immediate value of 10 is added to the field at the 
memory address specified in register 4; the sum will be at 
this address. 


Add Packed Decimal e 


ADDK = M4(L4,R4),Mg(b9,R9) 


FUNCTION: Performs a signed decimal addition, pro- 
ceeding from right to left, of the two packed decimal 
fields in memory. The field lengths Ly and Lg may vary 
from 0-255 bytes. 


OPERAND 1: A packed decimal field in memory. The 
field length, 0-255 bytes, is specified in the Ly field of 
the instruction. The operand address indicated by M1 may 
be indexed, but indirect addressing is not allowed. The 
effective address points to the most significant bytes of 
the decimal field. — 


QPERAND 2: A packed decimal field in memory. The 
field length, 0-255 bytes, is specified by the Lo value in 
the instruction. The operand address indicated by Mj may 
be indexed but indirect addressing is not allowed. The 
effective operand address points to the most significant 
bytes of the decimal field. 
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RESULTS: The decimal sum resides at the operand 2 
location. The following conditions can occur, depending 
on the values of Ly and Lo. 


@ If L4 is greater than L2 and the difference 
between Lg and Ly contains significant 
data, bit 0 of the Condition register is set. 


© If Ly = 0 and Lo = 0, bits 3 and 7 of the 
Condition register are set. 


e If L, = 0, an add of zero is assumed. 


e If Lo is greater than Ly, zeros are used to 
make up the difference in field lengths. 


The Condition register is affected as follows: 


@ Bit 0 is set if significant data is lost; bits 1-7 are 
cleared. 


@ Bits 1 and 5 are set if results are plus; bits 0, 2-4, 
6 and 7 are cleared. 


@ Bits 2 and 6 are set if results are minus; bits O, 1, 
3-5, and 7 are cleared. 


@ Bits 3 and 7 are set if results are zero; bits 0-2 
and 4-6 are cleared. 


SPECIAL FEATURES 


1. Validity of source packed digits is not 
checked. 


2. Invalid digits produce inconsistent results. 


3. Negative zero cannot be produced unless 
overflow occurs (bit 0 of Condition register 
set). 


4. Positive results receive a hexadecimal C sign, 
negative results receive a hexadecimal D sign. 


5. The effective addresses must not be absolute 
address zero on machines with less than 
65K, or they must not be the first location 
of the memory partition if the Relocation 
and Protection feature is installed and READ 
protection is invoked. 
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EXAMPLE 


OPERAND 


LPL Er A AL Ae A A ee Cn 
aerate et 


(ELOLE!O,§)., FIELO10/2.,6) 


A 10-byte packed field identified by FIELD2(10,5) is 
added to a 12-byte packed field identified by 
FIELD1(12,6). Had the field lengths been reversed (that 
is, trying to add the larger field to the smaller) and the 
overlap contains significant (non-zero) bytes, bit 0 of the 
Condition register is set to indicate lost data. 


Add Memory — Memory 
ADDM @My4(R1),@Mo(RQ) 


0 7 9 11 


8 12 13 18 
a ee 0 ee 

My 

M2 


FUNCTION: Performs a binary addition of two one-word 
fields in memory. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address My include indexing, indirect 


addressing, or a combination of both. 


OPERAND 2: Same length and addressing options (to 
base M9) as operand 1. 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is greater 
than +32,767 or less than -32,768. 


@® Bits 1, 2 and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,335. 


EXAMPLE 


NAME OPERATION 
(7345 we? a MW $b 172 18 14 8 TAS 


OPERAND 


Mh 20 20:22 74-24 74 Ph 27 2H 29:30 31 37 AS 3h * ib 37 3H 3S 40 41 a2 43.44 45 AG 
an htt 


DIA WERE C3).,7AGCA) ... 


The field identified by HERE(3) is added to the field 
identified by TAG(2); the sum will be at the address 
represented by TAG(2). 


Add Register — Register 
ADDR @Rj,@R2 
0 


7 #8 9 11. #12 —~=«13 16 
2 co ae 


FUNCTION: Performs a binary addition of two one-word 
fields; either field may be in a general register or in 
memory. 


OPERAND 1: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 

OPERAND 2: A one-word field in the general register 
specified by Rg, or in memory if indirect addressing is 


used. 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is greater 
than +32,767 or less than -32,768. 


e Bits 1, 2, and 4-7 are cleared. 


e Bit 3 (link) is set if the result is more than 
65,535. 


EXAMPLE 


The operand at the memory address specified in register 4 
is added to the contents of register 1; the sum will be in 
register 1. ‘ 


Add Two-Word 


ADDT @M4(R4),@Ro 


o 7 8&8 9 110 120—~«CO*83 16 


FUNCTION: Performs a binary addition of a two-word 
field in memory and a two-word field in two general 
registers or in memory. 


OPERAND 1: A two word field in memory beginning at 
the specified effective address. The most significant bits 
are at this address. 


Addressing options to the base address My, include in- 
dexing, indirect addressing, or a combination of both. 


QPERAND 2: A two-word field located in two general 
registers or in memory. 


If direct addressing is used, the field is in the register 
specified by Ro and the next highest register, Ro+1; the 
most significant bits are in the Ro register. (Note: If 
register 7 is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


lf indirect addressing is used, the field is in memory 
beginning at the address in the Ro register; the most 


significant bits are at this address. 


RESULTS: The sum resides at the operand 2 location. 
The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is greater 
than +2311 or less than -231, 


e Bits 1, 2, and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
+232.1, 


EXAMPLE: 


The field identified by TAG(1) is added to the contents of 
registers 5 and 6; the results will be placed in registers 5 
and 6. 


Divide Memory — Register 


DIV @M4(R1),@R2 

oO | 7 8 9 11 12°«13 15 

Ag if Rr Lil Re 
My 


FUNCTION: Performs a binary division; the divisor is a 
one-word field in memory, and the dividend is a two-word 
field in two general registers or in memory. 
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OPERAND 1: The divisor; a 16-bit signed value in memory 
beginning at the specified effective address. The most 
significant bits are at this address. 


Addressing options to the base address My include in- 
dexing, indirect addressing, or a combination of both. 


OPERAND 2: The dividend; a 32-bit signed value located 
in two general registers or in memory. 


If direct addressing is used, the field is in the register 
specified by Ry and the next lowest register, Ro-1; the 
most significant bits are in the Ro-1 register. (Note: If 
register O is specified by R49, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


lf indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Ro register; the most significant bits are at this 
address. 

RESULTS: The quotient, a 16-bit signed value, resides 
in the Ro register (direct addressing), or at the address 
specified in the Ro register (indirect addressing). The re- 
mainder, a 16-bit signed value resides in the R-1 register 
(direct addressing) or in memory beginning at an address 
2 bytes less than the address specified in the Ro register 
(indirect addressing); the remainder always has the same 
sign as the dividend. 


The Condition register is affected as follows: 
e Bit O (overflow) is set if the resulting 
quotient is greater than +32,767 or less 


than -32,768. 


e Bit O (overflow) is set if the divisor is 0; the 
operands are unchanged. 


elf neither of the above conditions occurs, bit 
0 is cleared. 


EXAMPLE 


The instruction specifies a binary divide in which the 
divisor is a 16-bit signed value at the address specified by 
AMT(1); the dividend is located in memory beginning at 
an address two bytes less than the address in register 3. 


As shown in the following illustration, the dividend is a 
32-bit field located at an address two bytes less than the 
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address specified in register 3. Assuming that the address 
in register 3 is 4080, the dividend actually begins at 
address 4078. 


4078 4079 4080 4081 


| | Dividend | 


Sign bit The address in register 
3 points here. 


After the division, the dividend is overlayed with the 
remainder and quotient (each of these fields is signed). 
Thus, the quotient is located at the address specified in 
the Ro register — in this case at address 4080, and the 
remainder at that address minus two bytes, 4078. 


4078 4079 4080 4081 


i Remainder : 


Sign bit 


Quotient 


Sign bit 
Divide Direct 
DIVD 14(R4),@Ro 
0 7 8 9 11.612 «13 15 
ee) ee ce 
14 


FUNCTION: Performs a binary division; the divisor is a 
one-word immediate value, and the dividend is a two-word 
field in two general registers or in memory. 


OPERAND 1: The divisor; a 16-bit immediate signed 
value in the second word of the instruction; the 14 value 
may range from -32,768 to +32,767. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |, value and the con- 
tents of the general register specified by R4; no check for 
overflow or link is made during the indexing. 


OPERAND 2: The dividend; a 32-bit signed value in two 
general registers or in memory. 


If direct addressing is used, the field is in the register 
specified by Ro and the next lowest register, Ro-1; the 
most significant bits are in the Ro-1 register. (Note: If 
register O is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Ro register; the most significant bits are at this 
address. 


RESULTS: The quotient, a 16-bit signed value, resides 
either in the Ro register (direct addressing), or in memory 
at the address in the Ro register (indirect addressing). The 
remainder, a 16-bit signed value, resides in the Ro-1 
register (direct addressing), or in memory at an address 
two bytes less than the address in the Ro register (indirect 
addressing); the remainder always has the same sign as the 
dividend. 


The Condition register is affected as follows: 
e Bit O (overflow) is set if the resulting 
quotient is greater than +32,767 or less 


than -32,768. 


e@ Bit O (overflow) is set if the divisor is 0; 
the operands are unchanged. 


@ If neither of the above conditions occurs, 
bit 0 is cleared. 


EXAMPLE 


MAME OPERATION OPERAND 


12 4 8 4 GF BLO 10 11 12 19-14-15 16 12] UA 19 20 24-22 23 24 75.26 77 28 24 30 31 32-33 34 35 WY! IB 39 40 41 a7 43.44 45 46 
OI Se AE 


The divisor is formed by adding the immediate value of 
5300 to the contents of register 5. The dividend is in 
registers 1 and 2. The quotient will! be in register 2, the 
remainder in register 1. 


Divide Immediate 


DIV! 14,@Ry 


0 7 8 11612 ~=«13 15 


| 39 | ae 


FUNCTION: Performs a binary divide; the divisor is a 
4-bit immediate value, and the dividend is a two-word 
field in two general registers or in memory. 


OPERAND 1: The divisor is a 4-bit unsigned value in 
bits 8-11 of the instruction; the |4 value is always positive 
and may range from 0-15. 


OPERAND 2: The dividend; a 32-bit signed value located 
in two general registers or in memory. 


lf direct addressing is used, the field is in the register 
specified by Ro and the next lowest register, Ro-1; the 
most significant bits are in the Ro-1 register. (Note: If 
register O is specified by Ro, the field is in registers 7 and 
Q, with the most significant bits in register 7.) 


lf indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address 
in the Rg register; the most significant bits are at this 
address, 


RESULTS: The quotient, a 16-bit signed value, resides in 
the Ro register (direct addressing), or in memory at the 
address specified in the Ro register (indirect addressing). 
The remainder, a 16-bit signed value, resides in the Ro-1 
register (direct addressing), or in memory at an address 
two bytes less than the address in the Ro register (indirect 
addressing); the remainder always has the same sign as the 
dividend. 


The Condition register is affected as follows: 
e Bit O (overflow) is set if the resulting 
quotient is greater than +32,767 or less 


than -32,768. 


e Bit 0 (overflow) is set if the divisor is 0; the 
operands are unchanged. 


e@ If neither of the above conditions occurs, 
bit O is cleared. 


EXAMPLE 


The divisor is the immediate value 14; the dividend is in 
registers 6 and 7. The quotient will be in register 7, and 
the remainder in register 6. 


Divide Packed Decimal e 


DIVK M, (L4,R4),Mo(Lo,R9) 


0 7 #8 9 11,0 -12—~=CO«*3 15 


FUNCTION: Divides packed decimal fields in memory. 
The field lengths may vary, as defined in the following 
text. 


- OPERAND 1: The divisor; a packed decimal field in 
memory that can range from 1-127 bytes. The length of 
the divisor must always be less than that of the dividend. 
lf the Ly value is greater than 127, or greater than or 
equal to Lo, the operation will not be performed, and an 
overflow condition occurs. The results occur if the divisor 
is zero, or the Ly value is zero. 


OPERAND 2: The dividend; a packed decimal field in 
memory that can range from 2-255 bytes. The dividend 
field is overlaid by the quotient and remainder. 


RESULTS: The signed quotient will be located at the 
operand 2 address; thus the address of the quotient will be 
the same as that of the dividend. The length of the 
quotient is Lo-L4. The signed remainder is also placed in 
the operand 2 location, but it is right-aligned. The address 
of the remainder is: quotient address + (L5-L4). The 
length of the remainder is the same as the length of the 
divisor. 


The sign of the quotient is determined by the rules of 
algebra. The sign of the remainder has the same value as 
the dividend sign. Sign validity checking is not performed. 
The following sign conventions apply (the numbers are 
hexadecimal). 

Pius = 0,2,4,6,7,8,A,C,E,F 

Minus = 1,3,5,9,B,D 
The preferred signs of X‘C’ for plus and X’D’ for minus 
will be generated. A minus zero quotient or remainder is 
considered plus. 


The operand fields remain unchanged if overflow occurs. 


The operand fields may not overlap. Invalid digits cause 
undefined results. 


The following Condition register settings can occur: 


Bits 0-7 Condition 

1000 0000 Overflow, b4>127; 
Ly > Lo; L,=0; or, 
divisor field contents 
are zero. 

0100 0100 The quotient is greater 


than zero. 
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0010 0010 The quotient is less 
than zero. 
0001 0001 The quotient is equal 
to zero. 
EXAMPLE 
I see cee 19 20 21,22 23 24 25,26 27 28 29 30 31 32.99 $4 35 36.37 3839 40 41 42 43.44 45 46 


IN ATS.O4,, L)., TOTAL, LD, 
The TOTAL field is divided by the UNITS field. The 
quotient will be located at the address of TOTAL (the 


quotient length is 4 bytes). The remainder will be at the 
address TOTAL +4. 


Divide Memory — Memory 


DIVM § @M,4(R1),@M9(R9) 
0 7 8 9 11 

My 

Mo 


2 13 15 


FUNCTION: Performs a binary division; the divisor is a 
one-word field in memory, and the dividend is a two-word 
field in memory. 


OPERAND 1: The divisor; a 16-bit signed value in a 
one-word field in memory. Addressing options to the base 
address M, include indexing, indirect addressing, or a 
combination of both. 


OPERAND 2: The dividend; a 32-bit signed value in 
memory beginning at an address two bytes less than the 
specified effective address; the most significant bits are at 
this beginning address. Addressing options to the base 
address Mo include indexing, indirect addressing, or a 
combination of both. 


RESULTS: The quotient, a 16-bit signed value, resides at 
the effective address of operand 2. The remainder, a 
16-bit signed value, resides at an address two bytes less 
than the effective address. The remainder always has the 
same sign as the dividend. 


The Condition register is affected as follows: 
@ Bit O (overflow) is set if the resulting 


quotient is greater than +32,767 or less 
than -32,768. 


e Bit 0 (overflow) is set if the divisor is zero; 
the operands are unchanged. 


e If neither of the above conditions exist, 
bit 0 is cleared. 


EXAMPLE 


The dividend is identified by TAG(4) and the divisor is 
identified by HERE(6). The quotient will be at the 
address specified by TAG(4); the remainder will be at 
that address minus two bytes. 


Divide Register — Register 


DIVR @R4,@Ro 


0 7 8 9 11.6120«13 15 
| 29 fi | Ry 


FUNCTION: Performs a binary division; the divisor is a 
one-word field in a register or in memory, and the dividend 
is a two-word field in two adjacent registers or in memory. 


OPERAND 1: The divisor; a 16-bit signed value in the 
general register specified by Ry, or in memory if in- 
direct addressing is used. 


OPERAND 2: The dividend; a 32-bit signed value located 
in two general registers or in memory. 


if direct addressing is used, the field is in the register 
specified by Ro and the next lowest register, R9-1; the 
most significant bits are in the R5-1 register. (Note: If 
register O is specified by Rog, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Ro register; the most significant bits are at this 
address. 


RESULTS: The quotient, a 16-bit signed value, resides in 
the Ro register (direct addressing), or at the address 
specified in the Rg register (indirect addressing). The 
remainder, a 16-bit signed value, resides in the Ro5-1 
register (direct addressing) or in memory at an address 
two bytes less than the address specified in the Ro register 
(indirect addressing); the remainder always has the same 
sign as the dividend. 


The Condition register is affected as follows: 


e Bit 0 (overflow) is set if the resulting quotient 
ig greater than +32,767 or less than -32,768. 


e Bit O (overflow) is set if the divisor is 0; 
the operands are unchanged. 


e If neither of the above conditions occurs, 
bit 0 is cleared. 


EXAMPLE 


NAME 


12345678 


The least significant bits of the dividend are at the address 
specified in register 3, and the divisor is in register 1. The 
quotient will be stored at the address in register 3; the 
remainder is stored at that address minus two bytes. 


Multiply Memory — Register 


MPY @M,(R4),@R2 


0 7 8 9 11. #12 ~=«13 15 


FUNCTION: Performs a binary multiplication of a one- 
word field in memory and a one-word field in a genera! 
register or in memory. 


OPERAND 1: The multiplier; a one-word field in memory. 
Addressing options to the base address My include in- 
dexing, indirect addressing, or a combination of both. 


OPERAND 2: The multiplicand; a one-word field in the 
general register specified by Rg, or in memory if in- 
clirect addressing is used. 


RESULTS: The product, a 32-bit signed value, resides 
in two general registers or in memory. 


If direct addressing is used, the field is in the register 
specified by Ro and the next lowest register, Ro-1; the 
most significant bits are in the R5-1 register. (Note: If 
ragister 0 is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


if indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Rg register; the most significant bits are at this 
address. 
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EXAMPLE 


The field at the address specified in register 1 is multiplied 
by the field identified by @FRED(2). The 32-bit result 
field will be in memory at an address two bytes less than 
the address specified in register 1. 


Multiply Direct 


MPYD 14(R4),@R2 


0 7 8 9 11 12—~=«13 15 


FUNCTION: Performs a binary multiplication of a 
one-word immediate value and a one-word field in a 
general register or in memory. 


OPERAND 1: The multiplier; a 16-bit immediate signed 
value in the second word of the instruction; the |4 value 
may range from -32,768 to +32,767. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |; value and the 
general register contents specified by Ry; no check for 
overflow or link is made during the indexing. 


OPERAND 2: The multiplicand; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


RESULTS: The product, a 32-bit signed value, resides in 
two general registers or in memory. 


lf direct addressing is used, the field is in the register 
specified by Rg and the next lowest register, Ro-1; the 
most significant bits are in the R9-1 register. (Note: If 
register O is specified by Ro the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Ro register; the most significant bits are at this 
address. 


EXAMPLE: 


AME 


12305678 
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The value at the address in register 1 is multiplied by the 
immediate value -16,101. The 32-bit product is stored at 
the address in register 1 minus two bytes. 


Multiply Immediate 


MPYI 14,@R5 


FUNCTION: Performs a binary multiplication of a 4-bit 
immediate value and a one-word field in a general register 
or in memory. 


OPERAND 1: The multiplier; a 4-bit unsigned field 
located in bits 8-11 of the instruction. The |7 value is 
always positive and may range from Q-15. 


OPERAND 2: The multiplicand; a one-word field in the 
general register specified by Rg, or in memory if indirect 
addressing is used. 


RESULTS: The product, a 32-bit signed value, resides in 
two general registers or in memory. 


If direct addressing is used, the field is in the register 
specified by Ro and the next lowest register, Ro-1; the 
most significant bits are in the R-1 register. (Note: If 
register O is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the Ro register; the most significant bits are at this 
address. 


EXAMPLE 


The value in register 6 is multiplied by the immediate 
value represented by EQ3. The product is stored in 
registers 5 and 6. 


OPERAND 


1 
14 20 20 22:24 74 25 Mh 2? 7H 29 WO 1 472 16 1G WBA IR AY AQ At 4) 45:44 45 th 
te tn tnt 


ZQZ,6... 


PYL 


OPERATION 
Wet ie 18 4 1h 1B O17 


Multiply Packed Decimal e 


MPYK My(Ly,Ry),Mo(Lo,Ro) 


0 


FUNCTION: Multiplies two packed decimal fields in 
memory. The field lengths may vary, as defined in the 
following text. 


OPERAND 1: The multiplier; a packed decimal field in 
memory that can range from 0-127 bytes. The length of 
the multiplier must a/ways be less than that of the 
multiplicand, If the Ly value is greater than 127, or 
greater than or equal to the L> value, the operation will 
not be performed and an overflow condition occurs. If L4 
is zero, and Lo is not zero, a multiply by zero will be 
performed. 


OPERAND 2: The multiplicand; a packed decimal field in 
memory that can range from 0-255 bytes. Since the 
number of digits in the product is the sum of the digits in 
the operands, the multiplicand must have at least enough 
high-order zero bytes to equal the multiplier field length; 
otherwise, an overflow condition occurs. This definition 
of the multiplicand field ensures that no product overflow 
can occur during the operation. At least one high-order 
digit of the product field is always zero. 


RESULTS: The product will be placed at the operand 2 
address. 


The sign of the product is determined by the rules of 
algebra. Sign validity is not checked, therefore, the 
following interpretations are made (the numbers are 
hexadecimal). 


Plus = 0,2,4,6,7,8,A,C,E,F 
Minus = 1,3,5,9,B,D 


The preferred signs of X’'C’ for plus and X’D’ for negative 
are generated for the product. A negative zero result is 
considered plus. 


The fields may not overlap. Digit validity is not checked; 
undefined results will occur if non-decimal digits occur. If 
an overflow condition occurs, the operarids remain 
unchanged. If either operand (or both) contains all zeros, 
the product field is set to zeros and a sign of plus (X’C’) is 
forced. , 


The following Condition register settings can occur: 


Bits 0-7 Condition 

1000 0000 Overflow: L4>127; 
L42L9; or, less than 
L, bytes of high-order 
zeros in the 
multiplicand. 

0100 0100 Product is greater than 


zero. 


0010 0010 Product is less than 


zero. 
0001 0001 Product is equal to 
zero. 


EXAMPLE 


OPERAND 


19 20, 21 22 23 24 25 26 2) 28 29 30 31 3233 34 35 3637 9830 40 41 42 49 44 45 4G 


LOACS, 1), FLIBOS 1) 0000s 


FLDA is multiplied by FLDB and the results are located 
at the FLDB address. 


Multiply Memory — Memory 


MPYM  @M,(R4),@M2(R4) 


0 7 #8 #9 11. 12 +=«13 16 


FUNCTION: Performs a binary multiplication of two 
one-word fields in memory. 


OPERAND 1: The multiplier; a one-word field in 
memory. Addressing options to the base address M4 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The multiplicand; a one-word field in 
memory. Addressing options to the base address Mo 
include indexing, indirect addressing, or a combination of 
both. 


RESULTS: The product; a 32-bit signed value. The result 
field begins at an address two bytes less than the specified 
effective address of operand 2. 


EXAMPLE 


Ve oAB 39 40.41 42 44.44 45 4b 


The field identified by TOM(2) is multiplied by the field 
identified by FRED(5). The 32-bit product is stored at an 
address two bytes less than the address specified by 
TOM(2). 
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Multiply Register — Register 


MPYR @R4@Ry 


0 7 8 ® 4 120«13 15 
| 28 


FUNCTION: Performs a binary multiplication of two 
one-word fields; either field may be in a register or in 
memory. 


OPERAND 1: The multiplier; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


OPERAND 2: The multiplicand; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


RESULTS: The product, a 32-bit signed value, resides in 
two general registers or in memory. 


lf direct addressing is used, the field is in the register 
specified by R41 and the next lowest register, Ro-1; the 
most significant bits are in the R9-1 register. (Note: If 
register O is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at an address two bytes less than the address in 
the R» register; the most significant bits are at this 
address. 


EXAMPLE: 


AME OPERATION OPERAND 


1704406 & F Bf9] to 41 1713 4 15 6 
Pee SE 


19 2021 22 23 24:75. K Pf 78 29-0 11 42 19-34 1h th oy! 38 19 40 41 4? 41 Aa 15 th 
re nt 


The field in register 7 is multiplied by the field at the 
address specified in register 5. The 32-bit product is stored 
in registers 6 and 7. 


Subtract Memory — Register 


SUB @M 4(R4),@Ro 


) 
A3 


FUNCTION: Performs a-binary subtraction of a one-word 
field in memory from a one-word field in a general register 
or in memory. 
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OPERAND 1: The subtrahend; a one-word field in 
memory. Addressing options to the base address My, 
include indexing, indirect addressing, or a combination of 
both. This operand is subtracted from operand 2. 


OPERAND 2: The minuend; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is greater than 
+32,767 or less than -32,768. 


@ Bits 1, 2 and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


@ Subtracting 8000,¢ from 000046 results in 
800046 and bit 0 is set. 


EXAMPLE 


OPERARD 


The field identified by TAG(5) is subtracted from the 
contents of register 7. The result will be in register 7. 


Subtract Direct 


SUBD 14(R4),@Ro 


0 7 8 9 106120~«*133 15 


ee 


4 


FUNCTION: Performs a binary subtraction of a one-word 
immediate value from a one-word field in a general 
register or in memory. 


OPERAND 1: The subtrahend; a 16-bit irnmediate signed 
value in bits 16-31 of the instruction. The 14 value may 
range from -32,768 to +32,767. This operand is 
subtracted from operand 2. 


Indexing may be specified for operand 1. .!n this case, 
operand 1 is derived by adding the |, value and the 
general register contents specified by Rj; no check for 
overflow or link is made during the indexing. 


OPERAND 2: The minuend; a one-word field in the 
general register specified by Ro or in memory if indirect 
addressing is used. 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit 0 (overflow) is set if the result is less than 
-32,768 or greater than +32,767. 


e@ Bits 1, 2 and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


@ Subtracting 800016 from 000016 results in 
80004¢ and bit 0 is set. 


EXAMPLE 


The immediate value identified by CON(5) is subtracted 
from the field in memory at the address specified in 
register 0. The result will be at the address in register 0. 


Subtract Immediate 


SUB] 14,@Ry 


0 8 1100612—~«133 15 
2 pe 


FUNCTION: Performs a binary subtraction of a 4-bit field 
from a one-word field in a general register or in memory. 


OPERAND 1: The subtrahend; a 4-bit unsigned value 
located in bits 8-11 of the instruction. This value may 
range from 0-15. The 14 value is subtracted from bits 
12-15 of operand 2; bits 0-11 of operand 1 are zeros. 


OPERAND 2: The minuend; a one-word field in the 
general register specified by Ro, or in memory if indirect 
addressing is used. 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is less than 
-32,768, or greater than +32,767. 


e Bits 1, 2, and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


EXAMPLE 


The immediate value 14 is subtracted from bits 12-15 of 
the field at the memory location specified in register 4. 
The result will be at the address in register 4. 


Subtract Packed Decimal e 


SUBK M4(L4,R4),Mo(Lo,R9) 
0 7 9 


FUNCTION: Performs a signed decimal subtraction of the 
two packed decimal fields in memory. The field lengths 
L4 and L5 may vary from 0-255 bytes. 


OPERAND 1: The subtrahend; a packed decimal field in 
memory which is subtracted from operand 2. The field 
length, 0-255 bytes, is specified by the L, value in the 
instruction. The address indicated by Mg may be indexed, 
but indirect addressing is not allowed. The effective 
operand address points to the most significant bytes of 
the decimal field. 


OPERAND 2: The minuend; a packed decimal field in 
memory. The field length, 0-255 bytes, is specified by the 
lg value in the instruction. The address indicated by Mg 
may be indexed, but indirect addressing is not allowed. 
The effective operand address points to the most 
significant bytes of the decimal field. 


R ESULTS: The decimal difference resides at the operand 
2 location. The following conditions can occur, depending 
on the values of Ly and Lo. 


e If Ly is greater than Lg and the difference 


between L, and L» contains significant data, bit 
0 of the Condition register is set. 


e if Ly = 0 and Lo = 0, bits 3 and 7 of the 
Condition register are set. 


e If L4 = 0, a subtract of zero is assumed. 


e If Lo is greater than Ly, zeros are used to make 
up the difference in field lengths. 


The Condition register is affected as follows: 


@ Bit 0 is set if significant data is lost; bits 1-7 are 
cleared. 


e Bits 1 and 5 are set if results are plus; bits 0, 2-4, 
6, and 7 are cleared. 


e Bits 2 and 6 are set if results are minus; bits 0, 1, 
3-5, and 7 are cleared. 


@ Bits 3 and 7 are set if results are zero: bits 0-2 
and 4-6 are cleared. 


SPECIAL FEATURES 
1. Validity of source digits is not checked. 
2. Invalid digits produce inconsistent results. 


3. Negative zero cannot be produced unless 
overflow occurs (bit 0 of Condition register). 


4. Positive results receive a hexadecimal C sign, 
negative results receive a hexadecimal D. 


5. The effective addresses of the source fields must 
not be absolute address zero on machines with 
less than 65K main storage, and the addresses 
must not be the first location of the memory 
partition assigned to the processor executing the 
instruction if the Relocation and Protection 
feature is installed and READ protection is 
invoked. 


EXAMPLE 


OPERAND 


(ELD(°CEb, 2), FSE6O20, 9). 


The field identified by FIELD1(8,2) is subtracted from 
the field identified by FIELD2(,4). The length of FIELD1 
for this instruction is defined as 8 bytes; the length of 
FIELD2 is assumed to be the length as defined previously 
in the program. The result will be placed at the location 
identified by FIELD2(,4). 


Subtract Memory — Memory 


SUBM @M,(R4),@M9(R9) 


UY) 


63 
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FUNCTION: Performs a binary subtraction of two 
one-word fields in memory. 


OPERAND 1: The subtrahend; a one-word field in 
memory. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. This operand is subtracted from operand 2. 


OPERAND 2: The minuend; same length and addressing 


options (to base M9) as operand 1. 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit 0 (overflow) is set if the result is greater than 
+32,767 or less than -32,768. 


e Bits 1, 2 and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


@ Subtracting 8000;g from 00004g results in 
800046 and bit 0 is set. 


EXAMPLE 


OPERAND 


In 14 real at 22 22 20 fy a de AR AN ME AD 02 34 4415 dh dA 0 4? 45 48 45 4G 
tthe thereat 


PLDBCS)., FLOR 


The field identified by FLDB(5) is subtracted from the 
field identified by FLDA. The result will be at the address 
represented by FLDA. 


Subtract Register — Register 


SUBR @R4,@Ro 


FUNCTION: Performs a binary subtraction of two 
one-word fields; either field may be in a general register or 
in memory. 


OPERAND 1: The subtrahend; a one-word field located in 
the general register specified by Ro, or in memory if 
indirect addressing is used. This operand is subtracted 
from operand 2. 


OPERAND 2: The minuend; a one-word field located in 
the general register specified by Ry or in memory if 
indirect addressing is used. 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is less than 
-32,768 or greater than +32,767. 


e Bits 1, 2, and 4-7 are cleared. 


e Bit 3 (link) is set if the result is greater than 
65,535. 


e Subtracting 8000;g from 0000j¢ results in 
800016 and bit 0 is set. 


EXAMPLE 


OPERATION 
I 1 12 14 1h Ue 1d 


The field at the location specified in register 5 is 
subtracted from the field in register 0. The result will be 
placed in register 0. 


NAME OPERAND 


b4oh free 


re er | 


Subtract Two-Word 


SUBT @Mj,(R4),@R9 


oO 


FUNCTION: Performs a binary subtraction of a two-word 
field in memory from a two-word field in two general 
registers or in memory. 


OPERAND_ 1: The subtrahend; a two-word field in 
memory beginning at the specified effective address. The 
most significant bits are at this address. 


Addressing options to the base address My include 
indexing, indirect addressing, or a combination of both. 
This operand is subtracted from operand 2. 


OPERAND 2: The minuend; a two-word field located in 
two general registers or in memory. 


lf direct addressing is used, the field is in the register 
specified by Ra and the next highest register, Ro+1; the 
most significant bits are in the Ro register. (Note: If 
register 7 is specified by Ro, the field is in registers 7 and 
0, with the most significant bits in register 7.) 


If indirect addressing is used, the field is in memory 
beginning at the address in the Ro register; the most 
significant bits are at this address. 


IN 20 20 22 24 24 25 Ab 27 2B 249-30 31 32:99:34 1h th 3? 38:99 40 at a2 43.44 45 46 
nS SN an SRO ee ay 


RESULTS: The difference resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit O (overflow) is set if the result is greater than 
+231.1 or less than -231, 


e Bits 1, 2, and 4-7 are cleared. 


@ Bit 3 (link) is set if the result is greater than 
+232.1, 


e Subtracting 80000000;g from 00000000,¢ 
results in 800000001 ¢ and bit 0 is set. 


EXAMPLE 


A two-word field identified by TAG(5) is subtracted from 
the contents of registers 2 and 3. The result is held in 
registers 2 and 3. 


NAME OPERAND 


123456 7A 19 2021-27 24 24 25,28 77 7H 79-30 3) 32.33.34 3h 36 3) 38-39 40.41 47 43.44 45 46 


Zero and Adde 


ZADK —My(L4,R4),Mo(bo,R9) 


0 


FUNCTION: Zeros out a field in memory, then performs 
an addition of a packed decimal field in memory and the 
zero field. The field lengths Ly and Ly may vary from 
0-255 bytes. 


OPERAND 1: A packed decimal field in memory; the 
field length, 0-255 bytes, is specified by the value in the 
instruction. The address indicated by M, may be indexed, 
but indirect addressing is not allowed. The effective 
address points to the most significant bytes of the decimal 
field. 


OPERAND 2: A field in memory that is zeroed out before 
the addition. The field length, 0-255 bytes, is specified by 
the Lo value of the instruction. The address indicated by 
My may be indexed, but no indirect addressing is allowed. 
The effective address points to the most significant bytes 
of the field. 


RESULTS: The result field resides at the operand 2 


location. The following conditions can occur, depending 
on the values of L5 and L4. 
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e If Ly is greater than Lo and the difference 
between L, and L4 contains significant data, bit 
0 of the Condition register is set. 


e If Ly = 0 and Lo = 0, bits 3 and 7 of the 
Condition register are set. 


e If Ly = 0, an add of zero is assumed. 


e If L> is greater than L1 zeros are used to make 
up the difference in field lengths. 


The Condition register is affected as follows: 


e Bit 0 is set if significant data is lost; bits 1-7 are 
cleared. 


e Bits 1 and 5 are set if results are plus; bits 0, 2-4, 
6, and 7 are cleared. 


e Bits 2 and 6 are set if results are minus; bits 0, 1, 
3-5, and 7 are cleared. 


e Bits 3 and 7 are set if results are zero; bits 0-2 
and 4-6 are cleared. 


SPECIAL FEATURES 
1. Validity of source digits is not checked. 
2. Invalid digits produce inconsistent results. 


3. Negative zero cannot be produced unless 
overflow occurs (bit 0 of Condition register). 


4. Positive results receive a hexadecimal C sign, 
negative results receive a hexadecimal D. 


5. The effective addresses of the source fields must 
not be absolute address zero on machines with 
less than 65K bytes of main storage, and the 
addresses must not be the first location of the 
memory partition assigned to the executing 
processor if the Relocation and Protection 
feature is present and READ protection is 
invoked. 


EXAMPLE 


Initially, a 55-byte field identified by TAG1(55,0) is 
cleared to zero; then a 50-byte field identified by 
TAG2(50,4) is added to it. (See Results description for 
Condition register status.) 
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BIT-ORIENTED INSTRUCTIONS 


Mnemonic Name 
IBIT Invert Bit 
ROFR Reverse Off-Bit 
RONR Reverse On-Bit 
SBIT Set Bit e 
RBIT Reset Bit e 
TBIT Test Bit e@ 
TOFR Test for Off-Bit 
TONR Test for On-Bit 


Invert Bit e 


IBIT @M4(R4),I9 


FUNCTION: Invert (toggle) a bit in a one-byte field in 
memory. 


OPERAND 1: A one-byte field in memory. Addressing 
options to the base address My include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A 3-bit value in bits 13-15 of the 
instruction. The !9 value specifies the position of the bit 
to be toggled and may range from 0-7; O specifies the 
leftmost position and 7 the rightmost position. 


RESULTS: The result field resides at the operand 1 
location. 


EXAMPLE 


OPERATION 
10 10 2 3 1445 16 U7) 


OPERAND 


13 20 n unm 25 26 27 OD 79 30 3! 32:33 ui 35 36.37 38.39 40.41 82 444 45 46 4B 


aoa aE ay se Saree read te Gye en Ga a a ao wae a 


This instruction reverses the existing binary state of a 
specific bit in memory. @TAG(4) points to an 8-bit byte 
and 3 is the number of the bit (bits are numbered left to 
right, 0-7). 


Reverse Off-Bit 


ROFR @R,,@Ryo 


0 7 8 9 7 0612—~«O«* 15 


FUNCTION: Scans a one-word field, left to right, for the 
first off-bit (O-bit); turns that bit on; then increases 
another one-word field by an amount equal to the 
position (0-15) of the first O-bit. If no O-bit is found in the 
first field, the second field is increased by a value of 16. 
Either field may be ina general register or in memory. 


OPERAND 1: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. This field is scanned for the first O-bit. 


OPERAND 2: A one-word field in the general register 
specified by Ro, or in memory if indirect addressing is 
used. The field is increased by a value equal to the 
position of the first O-bit in operand 1. 


RESULTS: The results vary as described in the preceding 
text; the location of the operands is not changed. 


If the same register is specified for both operands, the 
‘results are as shown, varying with the addressing mode of 


the operands: 


Both in same mode 


Operand 1 


Only the increased 
value is returned, 
with no alteration 
of the off-bit. 
Indirect Direct Both operands are 
returned as normal. 
Direct Indirect Operand 1 with the 
first off-bit set is 
returned in the 
register specified in 
Operand 1; then the 
increased value is 
written in memory 
at the location 
specified by this 
newly altered 
Operand 1. 


EXAMPLE 


OPERATION 
10 11 1713.4 15 16 tH] I8 
: 


OPERAND 


172.34 5.67 819 


Register 7 contains the address of a 16-bit field which is 
scanned from left to right for a O-bit. If a O-bit is found, 
the relative position (0-15) determines the value to add to 
a one-word field in register 2. After this value is increased, 
the O-bit is set to 1. If no O-bit is found, register 2 is 
increased by a value of 16. 


19 20 21 22 29 24 25 26 27.28 29 30 31 32.39 4 35 36 37 3839 40.41 47 43 46 65 4G 
32, 99,34, 3, 36, 27, 38, 39, 40, 41, 62, 43,44 68 46 


Rieverse On-Bit 


RONR @R,,@Ry 


it] 7 8 9 11 12 13 16 
D 
[ 6 (rae 
EUNCTION: Scans a one-word field, left to right, for the 
first on-bit (17-bit); turns that bit off; then increases 
another one-word field by an amount equal to the 
position (0-15) of that first 1-bit. If no 1-bits are found in 


the first field, the second field is increased by a value of 
16. Either field may be in a general register or in memory. 


OPERAND 1: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is used. This field is scanned for the first 1-bit. 


OPERAND 2: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is used. This field is increased by a value equal 
to the position of the first 1-bit in operand 1. 


RESULTS: The results vary as described in the preceding 
text. 


If the same register is specified for both operands, the 
results are as shown, varying with the addressing mode of 


the operands. 


Both in same mode 


Operand 1 


Only the increased 
value is returned, 

with no alteration 
of the first on-bit. 


Indirect Direct Both operands are 


returned as normal. 


Operand 7 with the 
first on-bit reset is 
returned in the 
register specified 

in Operand 1; then 
the increased value 
is written in 
memory at the loca- 
tion specified by the 
newly-altered 
Operand 1. 


Direct Indirect 


EXAMPLE 


OPERATION 
1011 1213 14 18 16 17] 


RONR .. 


NAME OFPERAND 


(2345678 19 20 21 22 73 24 25 26 27 28 25 30 3t 32 33 34 3 3637 3839 40.41 47 43.44 45 46 


fe ikon ak ta Ghee ae eR as ae MR aa Ray 8 Sg ae ain, eC al Ss 


scanned for a 1-bit. If a 1-bit is found, the relative 


4-19 


position (0-15) of that bit determines the value (0-15) 
added to another one-word field at the location specified 
in register 6. After this field is increased in value, the state 
of the original bit is changed to a O-bit. If no 1-bit is 
found during the scan, the other field is increased by a 
value of 16. 


Set Bit e 


SBIT @M 4(R4), I 


9 11 


0 7 #8 12. 13 16 
ee 
| eee. Leeann 


FUNCTION: Sets a bit (to 1) in a one-byte field in 
memory. 


OPERAND 1: A one-byte field in memory. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A 3-bit value in bits 13-15 of the 
instruction. The Io value specifies the position of the bit 
to be set and may range from 0-7; 0 specifies the leftmost 
position and 7 the rightmost position. 


RESULTS: The result field resides at the operand 1 
location. 


EXAMPLE 


Turns on bit number 7 of an 8-bit byte at the location 
specified by @TAG(2). 


Reset Bit e 


RBIT @M4(R}4),l9 


(t] 7 8 9 11#12 «13 15 
BD Beles oi Wh tee 
My 


FUNCTION: Resets a bit (to 0) in a one-byte field in 
memory. 


OPERAND 1: A one-byte field in memory. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A 3-bit value in bits 13-15 of the 
instruction. The I5 value specifies the position of the bit 
to be reset and may range from 0-7; 0 specifies the 
leftmost position and 7 specifies the rightmost position. 
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RESULTS: The result field resides at the operand 1 
location. 


EXAMPLE 


memory is given the binary state of 0. 


Test Bit e 


TBIT @My(Ry),15 


0 7 #8 9 106 120~«13 15 


eee ee 


My 


FUNCTION: Tests a bit in a one-byte field in memory, 
and transfers the bit state (1 or 0) to bit O of the 
Condition register. 


OPERAND 1: The one-byte field in memory. Addressing 
options to the base address My include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A 33-bit value in bits 13-15 of the 
instruction; the | value specifies the position of the bit in 
operand 2 and may range from 0-7; O specifies the 
leftmost position and 7 the rightmost position. 


RESULTS: The result is reflected in the state of bit O in 
the Condition register. 


EXAMPLE 


specified by JOE(5) is reproduced in bit O of the 
Condition register. 


Test for Off-Bit 


TOFR @Ry,@Rg 


0 7 8 @ 14.0612~—~«133 18 


FUNCTION: Scans a one-word field, left to right, for the 
first off-bit (O-bit) and increases another one-word field 
by an amount equal to the position of that first O-bit 
(0-15). The first O-bit is not changed. If no O-bits are 


found in the first field, the second field is increased by a 
value of 16. Either field may be in a general register or in 
memory. 


OPERAND 1: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. This field is scanned for the first O-bit. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. This field is increased by an amount equal to the 
position of the first O-bit in operand 1. 


RESULTS: The results vary as described in the preceding 
text; the location of the operands is not changed. 


OPERATION 
10 11 12:13 14-15. 16 97 


EXAMPLE 


WAME 
1234567 alg 


OPERAND 


19 20 21 22 23.24 25.26 2) 28 29 30 31 32 33 34 35 36 37 3899 40 41 47 43.44 45 46 


Oo ee 


A 16-bit field at a location specified in register 3 is 
scanned left to right (0-15) for a O-bit. If none is found, 
the value in register 1 is increased by 16. However, if a 
O-bit is found, the relative position (0-15) of that bit 
specifies the value added to register 1. 


Test for On-Bit 


TONR @R,,@Ry 


) 7 8 9 110120«13 15 
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FUNCTION: Scans a one-word field, left to right, for the 
first on-bit (1-bit) and increases another one-word field by 
an amount equal to the bit position of the first 1-bit 
(0-15). The first 1-bit is not changed. If no 1-bits are 
found in the first field, the second field is increased by a 
value of 16. Either field may be in a general register or in 
memory. 


OPERAND 1: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. This field is scanned for the first 1-bit. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. This field is increased by an amount equal to the 
position of the first 1-bit in operand 1. 


RESULTS: The results vary as described in the preceding 
text; the location of the operands is not changed. 


EXAMPLE 


i OPERATION [ 
to 11 92.13 16 15 18 tLe 


1234867 8{8} 19 20, 24 22.23 24 25 26 77 20 79 30 11 32-93 34 35 38 37 3B 38 40 Al 47 0344 85 46 


A 16- bit field at the location specified in register 2 is 
scanned left to right (0-15) for a 1-bit. If none is found, 
the value in register 3 is increased by 16. If a 1-bit is 
found, the relative position (0-15) of that bit corresponds 
to the value added to register 3. 


BOOLEAN LOGIC INSTRUCTIONS 


Mnemonic Name 
AND Logical Product Memory — Register 
ANDD Logical Product Direct 
ANDI Logical Product Immediate 
ANDM Logical Product Memory — Memory 
ANDR Logical Product Register — Register 
EOR Exclusive OR Memory --- Register 
EORD Exclusive OR Direct 
EORI Exclusive OR Immediate 
EORM Exclusive OR Memory — Memory 
EORR Exclusive OR Register — Register 
IOR Inclusive OR Memory — Register 
lIORD Inclusive OR Direct 
IORI Inclusive OR Immediate 
IORM Inclusive OR Memory — Memory 
IORR Inclusive OR Register — Register 


Logical Product Memory — Register 


AND @M4(R4),ER9 


o 7 8 9 11 #12 «+13 18 
: AB if Py fit Re | 
My 


FUNCTION: Performs a logical product of a one-word 
field in memory and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. if both bits are 1, the corresponding resultant 
bit is 1; in all other cases the resultant bit is 0. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M4 include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-word field in the general register 


specified by Ry, or in memory if indirect addressing is 
used, 
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RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


results are stored at the address specified in register 5. 


Logical Product Direct 


ANDD 


0 


14(R4),@Ro 


B5 


FUNCTION: Performs a logical product of a one-word 
immediate value and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If both bits are 1, the corresponding resultant 
bit is 1; in all other cases, the resultant bit is 0. 


OPERAND 1: A 16-bit immediate value in the second 
word of the instruction; the value may range from 
0-65,535. 


Indexing may be specified for operand 1. in this case, 
operand 1 is derived by adding the |; value and the 
contents of the general register specified by R4; no check 
for overflow or link is made during the indexing. 


OPERAND 2: A oneword field in the general register 
specified by Ro, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


immediate value 40, as modified by the contents of 
register 3, and the 16-bit field at the address in register 1. 
This address is also the address of the results. 


Logical Product Immediate 


ANDI 14,@R9 


0 7 #8 11°¢6120«13 15 
a ee ee 
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FUNCTION: Performs a logical product of a 4-bit 
immediate value and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If both bits are 1, the corresponding resultant 
bit Is 1; in all other cases the resultant bit is 0. 


OPERAND 1: A 4bit unsigned value in bits 8-11 of the 
instruction; the value may range from 0-15. The |, value 
is compared to operand 2 in bit positions 12-15; bits 0-11 
are zeros. 


OPERAND 2: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is specified. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERATION 
WW UW AZAD as te te 


ANOT 


and bits 12-15 of the one-word field in register 2. This 
register will hold the results; bits 0-11 will always be 0's. 


Logical Product Memory — Memory 


ANDM @M4(R1),@M2(R9) 


0 7 8 9 14612 «13 15 
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My 
Mo 


FUNCTION: Performs a logical product of two one-word 
fields in memory. Corresponding bits in each operand are 
compared. !f both bits are 1, the corresponding resultant 
bit is 1; in all other cases the resultant bit is 0. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address My include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A oneword field in memory. Addressing 
options to the base address M9 include indexing, indirect, 
addressing, or a combination of both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


el 10112531818 il 
: 


a oY 


OPtRAND 


19 20 21 7273 26 25 26 7) 78 79 30 31 37 13 34 34 361) WW ID 40 41 47 41.44 44 Ah 
BSI 8 6 A AB AAO AL ANAS At 


A logical product is performed between a 16-bit field at 
the address identified by HOLD(7) and the 16-bit field at 
the address specified by @SPIKE. The result is stored at 
the @SPIKE address. 


Logical Product Register —- Register 


ANDR @Ry,@R9 


) 7 8 9 1«120«13 15 
| 25 


FUNCTION: Performs a logical product of two one-word 
fields; either field may be in a register or in memory. 
Corresponding bits in each operand are compared. If both 
bits are 1, the corresponding resultant bit is 1; in all other 
cases the resultant bit is 0. 


OPERAND 1: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


OPERAND 2: A one-word field located in the general 
register specified by Rg, or in memory if indirect 
addressing is used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


the address specified in register 7 and the 16-bit field in 
register 4. The results will be in register 4. 


Exclusive OR Memory — Register 


EOR @M,(R4),OR2 


0 7 8 9 W612 0«13 15 


FUNCTION: Performs an exclusive OR of a one-word 


field in memory and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If the bits are unlike, the corresponding 
resultant bit is 1; if the bits are the same, the resultant bit 
is 0. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M include indexing, indirect 
addressing, or a combination of both. 


-OPERAND 2: A one-word field in the general register 


specified by Ro, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


| OPERATION OPERAND 
een o _ ee ee er ae ee eet 
WO 1 12.13.14 15 16 17} 18, 19 20 29 22:23:24 25 26 27 28 29:30 31 32 33:34 3b 36 37 38.39 40 4D 4? 03 44 a5 46 
le tart in AER 
fa eet ae eat esas UR din Rahat for yy 
. ‘ ’ ‘ ‘ 


1.23.4 5 67 8f9] 
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An exclusive OR is performed between a 16-bit field at 
the address identified by TAG(3) and the 16-bit field at 
the address specified in register 5. The address specified in 
register 5 is also that of the result. 


Exclusive OR Direct 


EORD 14(R4),@Ro 


0 7 8 9 1°«612~«13 15 


FUNCTION: Performs an exclusive OR of a one-word 
immediate value and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If the bits are unlike, the corresponding 
resultant bit is 1; if the bits are the same, the resultant bit 
is 0. 


OPERAND 1: A 16-bit immediate value in the second 
word of the instruction; the value may range from 0 to 
65,535. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |, value and the 
contents of the general register specified by R4; no check 
for overflow or link is made during the indexing. 


OPERAND 2: A one-word field in the general register 
specified by Rg, or in memory if indirect addressing is 


used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


GPERANO 


19-20, 21.27 24 24.25 2b 27 28 25 30. 31 32 3934 3h 36 I? 3B 39 40 41 47 43.46 45 46 


OCS SOVCR WET. 

An exclusive OR is performed between the value of 
65,501(2) and the 16-bit field at the location specified in 
register 5; this address is also the address of the result. 
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Exclusive OR Immediate 


EORI 14,@R9 


FUNCTION: Performs an exclusive OR between a 4-bit 
immediate value held in the instruction and a one-word 
field in a general register or in memory. Corresponding 
bits in each operand are compared. !f the bits are unlike, 
the resultant bit is 1; if the bits are the same, the resultant 
bit is O. 


OPERAND 1: A 4-bit unsigned value located in bits 8-11 
of the instruction; the value may range from 0-15. The 14 
value is “OR’’ed to operand 2 in bit positions 12-15; bits 
0-11 are zeros. 


OPERAND 2: A one-word field in the general register 
specified by Ro, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


An exclusive OR is performed on the immediate value of 
13 and the 16-bit field at the location specified in register 
1; this address is also the address of the result. 


Exclusive OR Memory — Memory 


EORM @M,(R4),@M(R9) 
0 7 


FUNCTION: Performs an exclusive OR of two one-word 
fields in memory. Corresponding bits in each operand are 
compared. If the bits are unlike, the corresponding 
resultant bit is 1; if the bits are the same, the resultant bit 
is O. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 
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wot mM ap at a? 44a ty 
A 


OPERAND 2: A one-word field in memory. Addressing 
options to the base address M2 include indexing, indirect 
addressing, or a combination of both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERAND 


we va} ta 04 2020-22 24 74 Dh Mw 2078-24-30 4) 37-398 1h 36 A) 9899 a0 a a7 49 44 a5 AB 
pA SE OSS AO AUEAD AV AS AS AB 


TAGE C2), DONCY). 


An exclusive OR is performed between a 16-bit field at 
the address identified by TAG(2) and the 16-bit field at 
the address identified by DON(4). The result is stored at 
the address specified by DON(4). 


Exclusive OR Register-Register 


EORR @Ry,@Ro 


0 7 8 9 W120~«*13 15 
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FUNCTION: Performs an exclusive OR of two one-word 
fields; either field may be in a register or in memory. 
Corresponding bits in each operand are compared. If the 
bits are unlike, the corresponding resultant bit is 1; if the 
bits are the same, the resultant bit is 0. 


OPERAND 1: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


OPERAND 2: A one-word field in the general register 
specified by Ryo, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERAND 


be ga 21 fe FO AN AS de 2E 2B IY MO Ad 42 0 84 tS SH a 38 IN 40 aL a2 4344 ay 46 
tan eee ootnetncntenemtnen tanta 


OY, 7 
An exclusive OR is performed between two 16-bit fields, 
one of which is at the address specified in register 4 and 


the other in register 7. The result is placed in register 7. 


Inclusive OR Memory-Register 


IOR @M4(Ry),@R2 


0 7 8 9 11 #12 «13 18 
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FUNCTION: Performs an inclusive OR of a one-word 
field in memory and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If either of the bits is 1 or if both of the bits 
are 1, the corresponding resultant bit is 1. If both bits are 
0, the resultant bit is 0. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERATION 


OPERAND 


NAME 


An inclusive OR is performed on two 16-bit fields, one at 
the address identified by @TAG(3) and the other at the 
address specified in register 7. The results will be at the 
address in register 7. 


Inclusive OR Direct 


IORD 14(R4),@Ro 
0 


FUNCTION: Performs an inclusive OR of a one-word 
immediate value and a one-word field in a general register 
or in memory. Corresponding bits in each operand are 
compared. If either of the bits is 1 or if both of the bits 
are 1, the corresponding resultant bit is 1. If both bits are 
0, the resultant bit is 0. 


OPERAND 1; A 16-bit immediate value in the second 
word of the instruction; the value may range from 
0-65,535. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the 14 value and the 
contents of the general register specified by R4; no check 
for overflow or link is made during the indexing. 


OPERAND 2: A one-word field in the general register 
specified by Ro, or in memory if indirect addressing is 
used. 


Poe aA Ho A RPO UD HL TA Te A Th the M2 21-22 24 2A DH DW 22 2K 2M ME 34 V2 TU Mh th 37 BH 19 40 41 42 43:44 45 6 
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RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


64,201, as modified by the contents of register 3, and the 
16-bit field at the address specified in register 5. This 
address is also the address of the result. 


Inclusive OR Immediate 


IORI 14,@Ro 
7 8 171.612 ~=«13 15 
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FUNCTION: performs an inclusive OR between a 4-bit 
immediate value held in the instruction and a one-word 
field in a general register or in memory. Corresponding 
bits in each operand are compared. If either of the bits is 
1 or both bits are 1, the corresponding resultant bit is 1. If 
both bits are 0, the resultant bit is 0. 


OPERAND 1: A 4-bit unsigned value located in bits 8-11 
of the instruction; the value may range from 0-15. The |, 
value is “OR"ed to operand 2 in bit positions 12-15; bits 
Q-11 are zeros. 


OPERAND 2: A one-word field in the general register 
specified by Rog or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 


location. 
EXAMPLE 


OPERATION 
ou seis ia % 16 VF 


and bits 12-15 of the one-word field in register 3. The 
result is stored in bits 12-15 in register 3; bits 0-11 are 
unaffected. 


NAME OPERAND 


12345678 M20, 21-22. 23.24 24 7h 21 7B 29-40 IL 47-33-34 FS We 3) IBID 40 41 42 49-44 04 46 
NAOT ETS DET Tied ITY AO. IE SITS NAB ST 1B SY 4081 2 AN A O88 


Inclusive OR Memory — Memory 


IORM @M4(R4),@M2(Ro) 


0 7 #8 9 10 12—~«133 15 
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FUNCTION: Performs an inclusive OR of two one-word 
fields in memory. Corresponding bits in each operand are 
compared. If either of the bits is 1 or both of the bits are 
1, the corresponding resultant bit is 1. If both bits are 0, 
the resultant bit is 0. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address Mj include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-word field in memory. Addressing 
options to the base address Mz include indexing, indirect 
addressing, or a combination of both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


Performs an inclusive OR between two 16-bit fields. 
@TAG(1) represents the address of the results. 


Inclusive OR Register — Register 


IORR @R4,@Rz 


FUNCTION: Performs an inclusive OR of two one-word 
fields; either field may be in a register or in memory. 
Corresponding bits in each operand are compared. If 
either of the bits is 1 or if both of the bits are 1, the 
corresponding resultant bit is 1. If both bits are 0, the 
resultant bit is O. 


OPERAND 1: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


OPERAND 2: A one-word field in the general register 


specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 
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An inclusive OR is performed between a 16-bit field at the 
address specified in register 5 and the 16-bit field in 
register 6. Results are placed in register 6. 


BRANCHING INSTRUCTIONS 


Mnemonic Name 
B Branch Post-Indexing 
BA1 Branch Add One 
BA2 Branch Add Two 
BCF Branch if Condition Register False 
BCT Branch if Condition Register True 
BCH Branch Pre-Indexing 
BOF Branch if Bit Off 
BON Branch if Bit On 
BR Branch to Address in Register 
BRN Branch if Register Not Zero 
BRZ Branch if Register Zero 
BS1 Branch Subtract One 
BS2 Branch Subtract Two 
BSR Branch and Save Return 
SB Skip Back Unconditional 
SF Skip Forward Unconditional 
SCFB Skip if Condition False — Back 
SCFF Skip if Condition False — Forward 
SCTB Skip if Condition True — Back 
SCTF Skip if Condition True — Forward 
SRMB Skip if Register Minus — Back 
SRMF Skip if Register Minus — Forward 
SRPB Skip if Register Plus — Back 
SRPF Skip if Register Plus — Forward 
SRNB Skip if Register Not Zero — Back 
SRNF Skip if Register Not Zero — Forward 
SRZB Skip if Register Zero — Back 
SRZF Skip if Register Zero — Forward 
Branch 
B @M,{(R}) 
(1) 7 8 9 
My 


FUNCTION: Branches unconditionally to a specified 
memory location. This instruction differs from BCH 
which uses pre-indexing; B uses post-indexing. 


OPERAND 1: The single operand identifies the memory 
location to which the program branches. Addressing 
options to the base address Mj include indexing, indirect 
addressing, or a combination of both. 


EXAMPLE 


The program branches unconditionally to the address 
identified by TAG(4). 


Branch Add One 


BA1 @M4(R4),@R2 


0 7 #8 @ 102«12~—~«*A 15 


FUNCTION: Tests a one-word field in a general register or 
in memory for a zero value; if the field is zero, the next 
instruction in the program is executed. If the field tested 
is not zero, it is increased by a value of 1, and the program 
branches to a specified memory location. 


OPERAND 1: The memory location to which the 
program branches if the tested field is not zero. 
Addressing options to the base address My, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro, or in memory if indirect 
addressing is used. 


EXAMPLE 


A 16-bit field at the address in register 2 is tested; if the 
field is non-zero, a value of 1 is added to the field and the 
program branches to the address identified by TAG(3). If 
the field tested is zero, the program continues with the 
next instruction. 


OPERATION OPERAND 


10 11 12 13 16 14. 16 11] 18] 19 20, 71 72 23.24 25 26 2) 20 29.96, 31 32,53 WTS 36 37 9098 40,41 47,4304 Ob 


Branch Add Two 


BA2 @M,4(R4),@Ro 
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FUNCTION: Tests a one-word field in a general register or 
in memory for a zero value; if the field is zero, the next 


instruction in the program is executed. If the field tested 
is not zero, it is increased by a value of 2, and the program 
branches to a specified memory location. 


OPERAND 1: The memory location to which the 
program branches if the tested field is not zero. 
Addressing options to the base address My include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: The value tested; a one-word field in the 


general register specified by Ro, or in memory if indirect 
addressing is used. 


EXAMPLE 


OPERATION 
b2345 67. feces 


OPERAND 


19 20 24 22 23 24 25 26 27 28 29 20 31 37.33 34 35 96 3? 3839 A041 42 49 44 Ab At 


A 16-bit field at the address in register 1 is tested; if the 
field is non-zero, a value of 2 is added to this field and the 
program branches to the address identified by TAG(4). If 
the field is zero when the test is made, no branch is 
performed and the program continues with the next 
instruction. 


Branch on Condition Register False 


BCF @M,(R4),19 


FUNCTION: Branches to a specified memory location if a 
designated Condition register bit is off. If the bit is on, the 
next instruction in the program is executed. 


OPERAND_ 1: The memory location to which the 
program branches if the designated Condition register bit 
is on. Addressing options to the base address M, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. The I value specifies the position of the bit 
to be tested in the Condition register and may range from 
0-15. 


EXAMPLE 


‘Branches to the location specified by @TAG(7) if bit 11 


of the Condition register if off (0). If bit 11 is on (1), the 
next instruction is executed. 
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Branch on Condition Register True 


BCT @M,4(R4),I9 
0 
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FUNCTION: Branches to a specified memory location if a 
designated Condition register bit is on. If the bit is off, the 
next instruction in the program is executed. 


OPERAND 1: The memory location to which the 
program branches if the designated Condition register bit 
is on. Addressing options to the base address M, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. The Ig value specifies the position of the bit 
to be tested in the Condition register and may range from 
0-15. 


EXAMPLE 


the Condition register is on (1). If the bit is off (0), no 
branch is made and the next instruction is executed. 


Branch Unconditional 


BCH @M,(R}4) 


0 


FUNCTION: Branches unconditionally to a specified 
memory location. This instruction differs from B which 
uses post-indexing; BCH uses pre-indexing. 


OPERAND: The memory location to which the program 
jumps. Addressing options to the base address M, include 
indexing, indirect addressing, or a combination of both. 


EXAMPLE 
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Branches to the address identified by @TAG(5). The value 
of TAG is added to the contents of register 5; the address 
formed is the address of an address to which the program 
will branch (this is the pre-indexing technique). 


Branch if Bit Off 


BOF @M4(R}),Ip 


FUNCTION: Branches to a specified memory location if 
the bit tested in a general register is off. If the bit is on, 
the next instruction in the program is executed. 


OPERAND 1: The operand is composed of two parts: the 
general register tested is specified by Ry, and the 16-bit 
value contained in Mj is the memory address to which the 
program branches. Addressing options to the base address 
M, include indirect addressing, but not indexing. 


OPERAND 2: A 4-bit value in bits 12-15 of the 


instruction. The Ig value specifies the position of the bit 
to be tested in the general register and may range from 
0-15. 


EXAMPLE 
: POF 


Branches to the address identified by TAG(3) if bit 14 of 
register 3 is off (0). If bit 14 is on, the next instruction is 
executed. 


OPERAND 


19 20 202221 24 24 2622 78 29-30 31 17 44 34 1H Se I AR 49 40 41 47 4144 a4 06 


Branch if Bit On 


BON @M4(Rj),Ip 
0 
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FUNCTION: Branches to a specified memory location if 
the bit tested in a general register is on. If the bit is off, 
the next instruction in the program is executed. 


OPERAND1: The operand is composed of two parts: the 
general register tested is specified by Ry, and the 16-bit 


- value contained in Mq is the memory address to which the 


program branches. Addressing options to the base address 
M, include indirect addressing, but not inclexing. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. The |, value specifies the position of the bit 
to be tested in the general register and may range from 
0-15. 


EXAMPLE 


This instruction tests bit 9 in register 5. If bit 9 is on, the 
program branches to the address identified by TAG. 
Otherwise, no branch is made and the next instruction is 
executed. 


Branch to Address in Register 


BR @R, 
0 7 8 9 1112 16 


FUNCTION: Causes an unconditional branch to a 
specified memory location. . 


OPERAND 1: The single operand for this instruction is a 
memory address. If direct addressing is used, the address is 
in the register specified by Ry. If indirect addressing is 
used, the address is located at the address specified in R4. 


EXAMPLE 


OPERAND 


19 20. 21 22.23 24 75 26 2) 28 29 30 19 2733-4 Y5 36 3) 1839 4041 47 43.40 45.16 


f OPERATION i 
1.23 4 8 6) 8{0} 10 1 1213 10 15 16 I} Ie 


Branches to the address specified in register 4. 


Branch if Register is Not Zero 


BRN @M,(R4),@Ro 


FUNCTION: Branches to a specified memory location if 
the general register tested does not contain all zeros. If the 
register contains all zeros, the next instruction in the 
program is executed. 


OPERAND 1: The memory location to which the 
program branches if the general register does not contain 


all zeros. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro, or in memory if indirect 
addressing is used. 

EXAMPI.E 


The program branches to the address specified by TAG(2) 
if the contents of register 5 are not zeros; if the contents 
are zeros, the next instruction is executed. 


Branch if Register is Zero 


BRZ @M4(R4),@R2 


0 7 8 9 wt #12 °«13 16 
| EO if Ry fit Re | 
Mi 


FUNCTION: Branches to a specified memory location if 
the general register tested contains all zeros. If the register 
does not contain all zeros, the next instruction in the 
program is executed. 


QPERAND 1: The memory location to which the 
program branches if the general register contains all zeros. 
Addressing options to the base address My, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro, or in memory if indirect 


addressing is used. 


EXAMPLE 


i OPERATION | 
10 11 12.13 14 95 16 hte, 
* ‘a, ee 


112345 67 8]8] 


reer re Oe Sr Sr OO 


The program branches to the address of TAG if the 
contents of register 6 are all zeros; if the contents are not 
all zeros, the next instruction is executed. 

Branch Subtract One 


BS1 @M4(R4),@R2 
0 
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FUNCTION: Tests a one-word field in a general register or 
in memory for a zero value; if the field is zero, the next 
instruction in the program is executed. If the field tested 
is not zero, it is decreased by a value of 1, and the 
program branches to a specified memory location. 


OPERAND 1: The memory location to which the 
program branches if the tested field is not zero. 
Addressing options to the base address Mj, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro or in memory if indirect 
addressing is used. 


EXAMPLE | 


Tests a 16-bit field in register 2. If the field contains a 
non-zero value, a branch is made to the address identified 
by TAG(5), and the value in register 2 is decreased by 1. 
If the tested field is zero, the next instruction is executed. 


Branch Subtract Two 


BS2 @M4(R4),@R2 


9 7 8 9 11612 «13 15 


FUNCTION: Tests a one-word field in a general register or 
in memory for a zero value; if the field is zero, the next 
instruction in the program is executed. If the field tested 
is not zero, it is decreased by a value of 2 and the program 
jumps to a specified memory location. 


OPERAND 1: The memory location to which the 
program jumps if the tested field is not zero. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro or in memory if indirect 
addressing is used. 


EXAMPLE 


st VI] ual 19 20 21-27-23: 24 7 Mh 77-28-7930 31 32 33.4 FS M6 3) 3839 40 01 47 49:00 65 OE 


TAGE) OS... 
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The field at the address in register 3 is tested. If the field 
contains a non-zero value, a branch is made to the field 
identified by TAG(6), and the value of the field identified 
by @3 is decreased by 2. If the tested field is zero, the 
next instruction is executed. 


Branch and Save Return 


BSR @M4(R4),@R> 


o 7 8 9 17 42~«13 15 
a eee 


FUNCTION: Branches unconditionally to a specified 
memory address, storing the address of the next 
instruction in a general register or in memory. The address 
stored (return address) is the current program address plus 
four bytes. 


OPERAND 1: The memory location to which the 
program branches. Addressing options to the base address 
M, include indexing, indirect addressing, or a 
combination of both. 


OPERAND 2: The general register specified by Ro, or the 
memory field at the address in the Ro register if indirect 
addressing is used, that contains the return address. 


EXAMPLE 


42 44 44 th th 2 JR 19 40-44 42 43-44-45 46 
tn 


Branches unconditionally to the address identified by 
TAG(6) and stores the next instruction address (current 
program address plus four bytes) into register 5. After the 
instructions beginning at TAG(6) are executed, the 
program continues with the instruction at the address in 
register 5. 


Skip Back-Unconditional 


FUNCTION: Skips back in the program a specified 
number of words. 


OPERAND 1: An 8-bit unsigned value in bits 8-15 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-255. When the instruction is 


executed, the number of bytes. represented by ty Is 
determined (ly is doubled). This byte value is subtracted 
from the current program address. 


EXAMPLE 


Skips back unconditionally. in the program 62 words (124 
bytes). 


eon fg 


, 2d 


rn ere 


Skip Forward-Unconditignal 


SF ly 
pare rs a 


FUNCTION: Skips forward in the program: a specified 
number of words. 


OPERAND 1: An 8-bit unsigned value in bits 8-16 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-255. When the instruction is 
executed, the number of bytes represented by 1} is 
determined’ (ly is doubled). This byte value is added to 
the current program address. 


EXAMPLE 


To aabeiadlatnineeeneemermmecinem ent arte mame ntanemeaseed 


OPER AMD, 


tt. CAR RAR EAL ee SO Cie eh Whe 


Skips forward unconditionally in the program 8 words (16 
bytes). 


Skip on Condition False-Back 


SCFB I qly 


FUNCTION: Skips back in the program @ specified 
number of words if the appropriate Condition register bit 
is off. If the bit Is on, the next Instruction in the program 
is executed, 


OPERAND 1: A 4bit unsigned value in bits 8-11 of the 
instruction. This value specifles the number of words to 
skip and may range from:Q-15. 


When the instruction is executed the number of bytes 
represented by I, is determined {I 4 is doubled). This byte 
value is subtracted from the current program address. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. This value specifies the position of the bit 
tested for off in the Condition register and may range 
from 0-15. 


EXAMPLE 


if bit 3 (equal bit) in the Condition register is off, the 
program will skip back in the program 12 words (24 
bytes). If bit 3 is on, the next instruction in the program 
is executed. 


Skip on Condition Fatse-Forward. 


SCFF Ig,tg 
0 
[ 49 


FUNCTION: Skips forward in the program a specified 
number of words if the appropriate Condition register bit 
is off. If the bit is on, the next instruction in the program 
is executed, 


QPERAND 1: A 4bit unsigned value In bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed the number of bytes represented by !4 is 
determined (ty is doubled). This byte value is added to 
the current program address. 


OPERAND 2: A 4bit value in bits 12-16 of the 
instruction. The 14 value specifies the position of the bit 
tested for off in the Condition register and may range 
from: 0-16. 


EXAMPLE 


19 20, 20 27 23 24 75, 20 2) 10 79 30 0) 0249 4 36 90 37 30 30 40 AU AT 49 04 AG 06 


If bit 3 (equal bit) in the Condition register is off, the 
program will skip forward in the program five words (10: 
bytes). If bit 3 is on, the next instruction. in the program 
is executed. 
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Skip on Condition True-Back 


SCTB 14,19 


FUNCTION: Skips back in the program a specified 
number of words if the appropriate Condition register bit 
is on. If the bit is off, the next instruction in the program 
is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed the number of bytes represented by l4 is 
determined (14 is doubled). This byte value is subtracted 
from the current program address. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. This value specifies the position of the bit 
tested for on in the Condition register and may range 
from 0-15. 


EXAMPLE 


Assume that TAG is six words back in the program. If bit 
O (overflow bit) in the Condition register is on, the 
program will skip six words (12 bytes) back to TAG. If bit 


0 is off, the next instruction in the program is executed. . 


Skip on Condition True-Forward 


SCTF  I4,Ip 


FUNCTION: Skips forward in the program a specified 
number of words if the appropriate Condition register bit 
is on. If the bit is off, the next instruction in the program 
is executed. 


OPERAND 1: A 4bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed the number of bytes represented by 1; is 
determined (1, is doubled). This byte value is added to 
the current program address. 


OPERAND 2: A 4-bit value in bits 12-15 of the 
instruction. This value specifies the position of the bit 
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tested for on in the Condition register and may range 
from 0-15. 


EXAMPLE 


| OPERATION i 
Fg] 10 1) 12.13 14 15 06 t[ tah 15 20 21 27 23 24 25 26 27 28 79 30,3) 32,33 94 35, 3B 37 38 WO 40 At 42 03 44 46 OS 
> > Pan coe aoe = 


ee kk 


Assume that TAG is six words ahead of this instruction. If 
bit O (overflow bit) in the Condition register is on, the 
program will skip six words (12 bytes) forward to TAG. If 
bit O is off, the next instruction in the program is 
executed. 


Skip if Register Minus-Back 


SRMB_ 14,Rp 


FUNCTION: Skips back in the program a specified 
number of words if the register contents tested are minus. 
If the register contents are plus, the next instruction in 
the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed the number of bytes represented by 17 is 
determined (14 is doubled). This byte value is subtracted 
from the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro. 


EXAMPLE 


Tests the contents of register 3. If negative, skips back to 
the instruction located at TAG; if positive or zero, the 
next instruction is read. Note that the assembler 
determines the number of words (0-15) to skip by the 
location of TAG. 


19 20 21.22 23 24 25.26 27 20 29 30 31 3293.4 35 36 3 3899 40 41 A? A344 45 4 


OPERATION 
v0.10 17-13-1415, 06 TA 


Skip if Register Minus-Forward 


SRMF 14,R9 


Q 7 8 


FUNCTION: Skips forward in the program a specified 
number of words if the register contents tested are minus. 
If the register contents are plus, the next instruction in 
the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed, the number of bytes represented by I, is 
determined (I is doubled). This byte value is added to 
the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by R>. 


EXAMPLE 


Tests the contents of register 3. If negative, skips forward 
to the instruction located at TAG; if positive or zero, the 
next instruction is read. (The assembler determines the 
distance of TAG from the SRMF instruction and uses this 
value for 1 4.) 


Skip if Register Plus-Back 


SRPB 14,Ro 


0 


FUNCTION: Skips back in the program a specified 
number of words if the register contents tested are plus. If 
the register contents are minus, the next instruction in the 
program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed, the number of bytes represented by |, is 
determined (I, is doubled). This byte value is subtracted 
from the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro. 


EXAMPLE 


OPERATION OPERAND 


NAME 


W234 4 w 7 af9 lo 0 1743 14 14 16 11] raf 19 20 21 22 23 24 28 76-27 28 78 30 31 32.33 435 36 37 3B 39 40,41 42 43.40 45 OG 


yee Se lay a ei Se a ae i Sa a ca ce Ok 


Assume that EQ4 is equated to -3. The program tests the 
field at the address in register 5. If positive, the program 
skips back three words (six bytes); if not positive, the 
next instruction is executed. 


Skip if Register Plus-Forward 


SRPF 14,Ro 


0 7 #8 7°«212~—~C*«~3 15 


FUNCTION: Skips forward in the program a specified 
number of words if the register contents tested are plus. If 
the register contents are minus, the next instruction in the 
program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed, the number of bytes represented by 14 is 
determined (!4 is doubled). This byte value is added to 
the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro. 


EXAMPLE 


Assume that CONS is equated to 11. The program tests 
the field at the address in register 2. If positive, the 
program skips forward 11 words (22 bytes); if not 
positive, the next instruction is executed. 


Skip if Register Not Zero-Back 


SRNB_ 14,R9 


0 7 #8 1 18 


i 


FUNCTION: Skips back in the program a_ specified 
number of words if the register contents tested are not 
zero. If the register does contain all zeros, the next 
instruction in the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
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executed, the number of bytes represented by 11 is 
determined (14 is doubled). This byte value is subtracted 
from the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro. 


EXAMPLE 


CP 


Tests the contents of register 2. If non-zero, the program 
skips four words (eight bytes) back in the program; if 
zero, executes next instruction. 


Skip if Register Not Zero-Forward 


SRNF  14,Ro 


0 
Meee ee 


FUNCTION: Skips forward in the program a specified 
number of words if the register contents tested are not 
zero. If the register does contain all zeros, the next 
instruction in the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed, the number of bytes represented by | is 
determined (14 is doubled). This byte value is added to 
the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by R5. 


EXAMPLE 


Tests the contents of register 2. If non-zero, the program 
skips four words (eight bytes) forward; if zero, executes 
next instruction. 


Skip if Register Zero-Back 


SRZB 14,Ro 


0 7 8 1«12—~«413 18 


FUNCTION: Skips back in the program a specified 
number of words if the register tested contains all zeros. If 
the register does not contain all zeros, the next instruction 
in the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed, the number of bytes represented by ly is 
determined (I; is doubled). This byte value is subtracted 
from the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by Ro. . 


EXAMPLE 


i CPERATION 
fe] vo tt i213 10 15 061 


OPERAND 


19 20 21 22.23 24 25 26 27 18 79 W 31 3731 M95 36 37 1839 40 41 42 49.44 05 06 


Tests the field at the address in register 5. If all zeros, 
reads the instruction at location TAG; if not all zeros, the 
next instruction is read. TAG must be within 15 words of 
SRZB. (The assembler determines the distance of TAG 
from the SRZB instruction and uses this value for 14.) 


Skip if Register Zero-Forward 


SRZF 14,R9 


0 7 8 WW 61200«213 15 


FUNCTION: Skips forward in the program a specified 
number of words if the register tested contains all zeros. If 
the register does not contain all zeros, the next instruction 
in the program is executed. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the number of words to 
skip and may range from 0-15. When the instruction is 
executed the number of bytes represented by 11 is 
determined (14 is doubled). This byte value is added to 
the current program address. 


OPERAND 2: The value tested; a one-word field in the 
general register specified by R>. 


EXAMPLE 


eae 
i$} to ty 1793 t¢ 18 16 hig 


OPERARD 


19 20 20 2273 26 25 78 27 PH 29 30 31 32 33:14 34 Vo $/ 1839 40.44 a2 Ah Aaah ML 
Ne ee 


Tests the field at the address in register 1. if ail zeros, 
reads the instruction at location THERE; if not all zeros, 
the next instruction is read. THERE must be within 15 
words of SRZF. (The assembler determines the distance 
of THERE from the SRZF instruction and uses this value 
for 14.) 


COMPARE INSTRUCTIONS 


Mnemonic Name 
CBY Compare Byte Memory — Register @ 
CBYM Compare Byte Memory — Memory @ 
CMP Compare Memory — Register 
CMPD Compare Direct 
CMPI Compare Immediate 
CMPK Compare Packed Decimal @ 
CMPM Compare Memory — Memory 
CMPR Compare Register — Register 
CMPT Compare Two-Word 
CMPX Compare Characters 


Compare Byte Memory — Register @ 


CBY @M 4(R4),@R9 


FUNCTION: Performs a magnitude-only comparison of a 
one-byte field in memory and either the low-order byte of 
a general register or a one-byte fiela in memory. 


OPERAND 1: A one-byte field in memory. Addressing 
options to the base address Mj include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-byte field (bits 8-15) in a general 
register specified by Ry, or a one-byte field in memory if 
indirect addressing is used. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows: 


e Bits 0 and 4 are always cleared. 


e If operand 1 is greater than operand 2, bits 1 and 
5 are set and bits 2, 3, 6, and 7 are cleared. 


e If operand 1 is less than operand 2, bits 2 and 6 
are set and bits 1, 3, 5, and 7 are cleared. 


@ If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5, and 6 are cleared. 


EXAMPLE 


Compares a one-byte operand identified by TAG(4) with 
the rightmost byte of register 6; the Condition register is 
set accordingly. 


Compare Byte Memory — Memory e 


>BYM @M 4(R 4),@M4(R 9) 


‘0 7 8&8 9 11 6120«13 16 


FUNCTION: Performs a magnitude-only comparison of 
one-byte fields in memory. 


OPERAND 1: A onebyte field in memory. Addressing 
options to the base address My include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-byte field in memory. Addressing 
options to the base address M2 include indexing, indirect 
addressing, or a combination of both. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 


e@ Bits O and 4 are always cleared. 


e@ If operand 1 is greater than operand 2, bits 1 and 
5 are set and bits 2, 3, 6, and 7 are cleared. 


e If operand 1 is less than operand 2, bits 2 and 6 
are set and bits 1, 3, 5, and 7 are cleared. 


e If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5, and 6 are cleared. 


EXAMPLE 


Compares a one-byte operand at the address specified by 
TAG(4) with another at the address specified by 
HERE(2). If the operand at TAG(4) is greater than the 
other operand, bit 1 of the Condition register is turned 
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on; if less than the other, bit 2 of the Condition register is 
turned on; if they are equal, bit 3 of the Condition 
register is turned on. (Only one of these bits in the 
Condition register will be turned on; the others remain 
off.) 


Compare Memory — Register 


CMP @M 4(R4),@R2 
0 
Al 


FUNCTION: Performs a comparison of a one-word field 
in memory and a one-word field in a general register or in 
memory. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A oneword field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 


Bits 0-3 reflect the arithmetic results of the compare 
and bits 4-7 reflect the logical results of the 
compare, as specified below: 


@ Bits 0 and 4 are always cleared. 


e If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5 and 6 are cleared. 


e If operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 


cleared. 


e If operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


e If operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


e If operand 1 is logically less than operand 2, bit 6 
is set.and bits 5 and 7 are cleared. 


For arithmetic results, 7FFF 46 is the largest 
number and 8000 4¢ is the smallest number. 


For logical results, FFFF4g¢ is the largest number 
and 00004¢ is the smallest number. 


4-36 


EXAMPLE 


A 16-bit field at the address identified by TAG(5) is 
compared to a 16-bit field at the address specified in 
register 6; the Condition register is set accordingly. 


Compare Direct 


CMPD 14(R4),@R2 


FUNCTION: Performs a comparison of a one-word 
immediate value and a one-word field in a general register 
or in memory. 


OPERAND 1: A 16-bit immediate signed value in the 
second word of the instruction; the value may range from 
-32,768 to +32,767. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |4 value and the 
contents of the general register specified by R41; no check 
for overflow or link is made during the indexing. 


QPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 


Bits 0-3 reflect the arithmetic results of the compare 
and bits 4-7 reflect the logical results of the 
compare, as specified below: 


e Bits O and 4 are always cleared. 


e If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5 and 6 are cleared. 


e If operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 
cleared. 


e@ If operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


e If operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


e if operand 1 is logically less than operand 2, bit 6 
Is set and bits 5 and 7 are cleared. 


For arithmetic results, 7FFF4g is the largest 
number and 8000 4¢ is the smailest number. 


For logical results, FFFF 46 is the largest number 
and 00004g is the smallest number. 


EXAMPLE 


OPERAND 


[af 19 20, 21 22 23 24 2b 26 27 26 70 30, 31 32.93 04 35 38 37 38 39 4041 42 43 40 45 46 


LIONS O80... 


The value -2500 modified by the contents of register 5 is 
compared with the value at the location specified in 
register 3; the Condition register is set accordingly. 


Compare Immediate 


CMPI 14,@R9 


0 7 9 14612 0«13 15 


FUNCTION : Performs a comparison of a 4-bit immediate 
value and a one-word field in a general register or in 
memory. 


OPERAND 1: A 4-bit signed value in bits 8-11 of the 
instruction; the value may range from 0-15. The 4-bit 
value is compared with operand 2 in bit positions 12-15; 
bits 0-11 are zeros. 


OPERAND 2: A one-word field located in the general 
register specified by Rg, or in memory if indirect 
addressing is used. 


RESULTS: Operand 2 is not changed. The Condition 
register is affected as follows. 


Bits 0-3 reflect the arithmetic results of the compare 
and bits 4-7 reflect the logical results of the 
compare, as specified below: 


e Bits 0 and 4 are always cleared. 


e If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5 and 6 are cleared. 


e If operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 
cleared. 


e if operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


e !f operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


@ If operand 1 is logically less than operand 2, bit 6 
is set and bits 5 and 7 are cleared. 


For arithmetic results, 7FFFy¢ is the largest 
number and 800046 is the smallest number. 


For logical results, FFFF 46 is the largest number 


and 000046 is the smallest number. 


EXAMPLE 


OPERATION 
yah 9| to 1) 1719 14 15 16 119 
tee | ICMAL oe. 


DPERAND 


19 20 21 22 23 24 25 26 27 28 29 30 38 3733 34 15 16 37 3839 40 41 42 43.40 44 46 


Compares the immediate value 11 to the value at the 
location specified in register 6 and sets the Condition 
register accordingly. 


>ompare Packed Decimal e 


SMPK M4(L4,R4),Mo(Lo,R9) 
0 : 7 8 9 


1 16 


FUNCTION: Performs a comparison of packed decimal 
fields in memory; the signs are compared first, then the 
comparison proceeds digit-by-digit, left to right. The field 
lengths may vary from 0-255 bytes. The operation 
continues until either of the following occurs: the 
operands are found unequal or the greater of L7 or Lo is 
exhausted. 


QPERAND 1: A packed decimal field in memory. The 


field length, 0-255 bytes, is specified by the Ly value in 
the instruction. Addressing options to the base address M4 
include only indexing. 


OPERAND 2: A packed decimal field in memory. The 
field length, 0-255 bytes, is specified by the Lo value in 
the instruction. Addressing options to the base address M2 
include only indexing. 
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RESULTS: Neither operand is changed. The following 
conditions may occur, depending on the values of L4 and 
Lo: 


e if Ly = Ly, the operands are compared 
digit-by-digit. 


@ If Ly is less than Ly, the operands are compared 
until L, is exhausted, then zeros are compared to 
operand 2. 


e@ If Ly is greater than Ly, the operands are 
compared until Lg Is exhausted, then zeros are 
compared to operand 1. 


@ if Ly = 0 and Ly = 0, bits 3 and 7 of the 
Condition register are set and bits 1, 2, 5, and 6 
are cleared. 


The Condition register is affected as follows: 
e Bits 0 and 4 are always cleared. 


e If operand 1 is greater than operand 2, bits 1 and 
5 are set and bits 2, 3, 6, and 7 are cleared. 


e If operand 1 is less than operand 2, bits 2 and 6 
are set and bits 1, 3, 5, and 7 are cleared. 


e@ If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5, and 6 are cleared. 


CONSIDERATIONS: 
1. Digit validity is not checked during the compare. 


2. Invalid digits may produce inconsistent results 
{invalid digits are considered greater than valid 
digits). 


3. A minus zero field is less than a positive zero 
field. 


4. The compare is by sign first, and if it is like, then 
the compare is made bit by bit, left to right. The 
compare terminates as soon as an unequal 
condition occurs, therefore the timing is affected 
by data field contents as well as length. Timing 
supplied (Appendix E) is for equal compare and 
like signs. 


EXAMPLE 


@EAARD 


we ofl ta a0 7122 24 7824 2h OF 18 29 WV 47 IDO Th WH WD 40 41 47 09 
eae 


a Se aes ty eel eG 
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Two packed decimal fields are compared; the Condition 
register is set accordingly. In this example, the field 
represented by TAG(90,1) is shorter than the other; 
therefore, bytes 91 through 101 of the larger field, 
HERE(101), will be compared to zeros if an inequality 
determination cannot be made before exhaustion of the 
smaller field. 


Since the signs are checked first, an inequality decision 
would be made immediately if the signs are different. 


Compare Memory — Memory 


CMPM @M,(R1),@M2(R2) 


oO 7 8 9 11.612 ~=«13 15 
ae eee eee 
My 


FUNCTION: Performs a comparison of two one-word 
fields in memory. 


OPERAND 1: A one-word field in memory. Addressing 
options to the base address M, include indexing, indirect 
addressing, or a combination of both. 


OPERAND 2: A one-word field in memory. Addressing 
options to the base address Mo include indexing, indirect 
addressing, or a combination of both. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 


Bits 0-3 reflect the arithmetic results of the compare 
and bits 4-7 reflect the logical results of the 
compare, as specified below: 


@ Bits 0 and 4 are always cleared. 


e@ If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5 and 6 are cleared. 


@ If operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 
cleared. 


@ !f operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


@ If operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


@ If operand 1 is logically less than operand 2, bit 6 
is set and bits 5 and 7 are cleared. 


For arithmetic results, 7FFFyg is the largest 
number and 80004¢ is the smallest number. 


For logical results, FFFF4g is the largest number 
and 0000 4g is the smallest number. 


EXAMPLE 


compared to a 16-bit value at the address identified by 
TAG(6); the Condition register is set accordingly. 


Compare Register-Register 


CMPR @R4,@Ro 


2 7 8 98 "1 12. «13 15 
eee 


FUNCTION: Performs a comparison of two one-word 
fields; either field may be in a register or in memory. 


OPERAND 1: A one-word field located in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 


Bits 0-3 reflect the arithmetic results of the compare 
and bits 4-7 reflect the logical results of the 
compare, as specified below: 


e Bits 0 and 4 are always cleared. 


e If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5, and 6 are cleared. 


@ If operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 
cleared. 


e If operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


e@ If operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


@ If operand 1 is logically less than operand 2, bit 6 
is set and bits 5 and 7 are cleared. 


For arithmetic results, 7FFF yg is the largest 
number and 800046 is the smallest number. 


For logical results, FFFF 4g is the largest number 
and 0000 4¢ is the smallest number. 


EXAMPLE 


A. 16-bit field in register 7 is compared to a 16-bit field at 
a location specified in register 5; the Condition register is 
set accordingly. 


Compare Two-Word 


CMPT @M,(R4),@Ro 


0 7 8 9 1 26120=«13 15 


FUNCTION: Performs a comparison of a two-word field 
in memory and a two-word field in two general registers 
or in memory. 


OPERAND 1: A two-word field in memory beginning at 
the specified effective address. The most significant bits 
are at this address. 


Addressing options to the base address My include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: A two-word field located in two general 
registers or in memory. 


lf direct addressing is used, the field is in the register 
specified by Ro and the next highest register, Ro+1; the 
most significant bits are in the Ro register. (Note: If 
register 7 is specified by Ro, the field is in registers 7 and 
0 with the most significant bits in register 7.) 


lf indirect addressing is used, the field is in memory 
beginning at the address in the Ro register; the most 
significant bits are at this address. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows. 
Bits 0-3 reflect the arithmetic results of the 
compare and bits 4-7 reflect the logical results of 
the compare, as specified below: 
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@ Bits O and 4 are always cleared. 


e@ If operand 1 is equal to operand 2, bits 3 and 7 
are set and bits 1, 2, 5 and 6 are cleared. 


e if operand 1 is arithmetically greater than 
operand 2, bit 1 is set and bits 2 and 3 are 
cleared. 


e If operand 1 is arithmetically less than operand 
2, bit 2 is set and bits 1 and 3 are cleared. 


e@ If operand 1 is logically greater than operand 2, 
bit 5 is set and bits 6 and 7 are cleared. 


e@ If operand 1 is logically less than operand 2, bit 
6 is set and bits 5 and 7 are cleared. 


For arithmetic results, 7FFFig is the largest 
number and 80004¢ is the smallest number. 


For logical results, FFFF yg, is the largest number 
and 000046 is the smallest number. 


EXAMPLE 


Cn (Tir A eae ee ee 
a 


Meh a at ae AGES IND 


A 32-bit field at the address identified by TAG(4) is 
compared to a 32-bit field in registers 1 and 2; the 
Condition register is set accordingly. 


Compare Characters e 


CMPX M4(L4,R4),Ma(L2,R9) 
0 7 8 


FUNCTION: Performs a magnitude-only comparison of 
two fields in memory. The field lengths may vary from 
0-255 bytes. The comparison is byte-by-byte and proceeds 
from left to right. The operation continues until either of 
the following occurs: the operands are found unequal or 
the greater of Ly or L is exhausted. 


OPERAND 1: A field in memory. The field length, 0-255 
bytes, is specified by the Lj value in the instruction. 
Addressing options to the base address My include only 
indexing. 
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OPERAND 2: A field in memory. The field length, 0-255 
bytes, is specified by the L2 value in the instruction. 
Addressing options to the base address M+ include only 
indexing. 


RESULTS: Neither operand is changed. The following 
conditions may occur, depending on the values of Ly and 
Lo: 


@ If Ly = Lg, the operands are compared 
byte-for-byte. 


@ If L; is less than Lo, the operands are compared 
until Ly is exhausted, then blanks are compared 
to operand 2. 


e If Ly is greater than L9, the operands are 
compared until Lo is exhausted, then operand 2 
is compared to blanks. 


@ If Ly = 0 and Lo # O, blanks are compared to 
operand 2. 


@ If Ly = 0 and Lo = 0, no compare is performed. 
The Condition register is affected as follows: 
@ Bits O and 4 are always cleared. 


@ If operand 2 is greater than operand 1, bits 1 and 
5 are set and bits 2, 3, 6 and 7 are cleared. 


@ If operand 2 is less than operand 1, bits 2 and 6 
are set and bits 1, 3, 5 and 7 are cleared. 


@ If operand 2 is equal to operand 1, or if 
L4=L=0, bits 3 and 7 are set and bits 1, 2, 5 and 
6 are cleared. 


CONSIDERATIONS: Word compare is performed if, and 
only if, the lengths Ly and Lo and the effective addresses 
are even. 


EXAMPLE 


A 200-byte field identified by TAG(200,1) is compared to 
a 200-byte field identified by HERE(200,2). Comparison 
proceeds byte-by-byte until inequality is determined or all 
bytes have been compared and found equal. The 
Condition register is set accordingly. 


OPERAND 


142A IN 22 TN 8 DD DP 78 24 MAN 943-44 YS 6B 3819 00,41 47 43 04 49 1 
AAAS ELS LFol Sate 


TACCLOO,1)., HERECLOO, 2). | A 


CONTROL INSTRUCTIONS 


Mnemonic Name 
NOP No Operation 
RDX Read Extended Register 
SR Service Request 


No Operation 


NOP 


0 7 15 


FUNCTION: Performs no operation. This instruction has 
no operands. 


EXAMPLE 


OPERATION OPERAND 


12.36 8 6 7 BE9] 10 11 1213 14 15 16 17] 18] 19 20 21 22 23-24 25 26 7! 28 29 30 3) 32 33 14 15 36 3) 3839 4041 47 43.46 45 A 


This instruction occupies four bytes in the program. 
Read Extended Register 


RDX £E4,R9 

0 7 8 9 70120«13 18 
este 
FUNCTION: Reads a Group I! extended register and 
stores the information in a general register. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
bit distinguishes between RDX and WRX. 

OPERAND 1: The Group II extended register to be read. 


OPERAND 2: The general register which is to receive the 
contents of the extended register. 


CONSIDERATIONS: Any attempt to access a Group | 
register results in a trap to the Invalid Instruction routine. 


EXAMPLE 


OPERATION 


OPERAND 


42-9 4 5 6 7 8/9] 10 11 1213 14 15 16 17 


Reads the extended register 0 and stores the contents in 
general register 3. 


BL 19 20 21 22 23 74 25 26 2? 28 29 30 31 37 33 34 35 36 37 3899 40 41 47 03 44 45 46 
LI tan A dda ot Pia Pa Pi 


Service Request 


SR @l, 


FUNCTION: Provides an information byte called the 
request index (14) to be interpreted by the operating 
system (software). The request index byte has the 
following format: 


P bit Indicates location of parameter string 
(the @ sign in the source operand is used 
to turn this bit on). 


O means immediately following service 
request. 1 means at address contained in 
register 6. 


C bit Indicates when control is to be returned 
to requesting program. 


QO means after service request is 
completed. 


1 means after service request is 
recognized by the control program. 


E bit Indicates if the requesting program will 
process exception completion of the 
request. 


O means requesting program will not 
process exception completion. 


1 means requesting program will process 
exception completion. 


Class Denotes major class in which the service 
request falls. Service requests fall into 
the following seven major classes. 


Class O Debugging service requesi. 

Class 1 Restricted service request. 

Class 2 Control program service 
request. 

Class 3. Block 1/O service request. 

Class 4 Physical 1/O service re- 
quest. 

Class 5 Supervisor service request. 

Class 6 Telecommunications _ ser- 
vice request. 
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OPERAND 1: 1, is the request index byte, which is 
defined by the operating system. 


RESULTS: Execution of a Service Request instruction 
causes the following actions: 


1. The Service Request bit (bit 13) of the executing 
processor’s Condition register is set. 


2. The Busy and Active bits of Processor 4 are both 
set. 


3. The Busy and Active bits of the executing 
processor are both reset. 
NOTE 


Any further effects of the SR instruction, beyond 
those described above, result from processing by the 
operating system software. For more information 
on the SR instruction, refer to the Control Program 
and Data Management Services, Extended Reference 
Manual. 


DATA CONVERSION INSTRUCTIONS 


Mnemonic Name 
CVB Convert to Binary e 
CVBT Convert to Binary Two-Word e 
CVD Convert to Decimal e 
CVDT Convert to Decimal Two-Word e@ 
EDTX Packed Decimal/Alpha Edit e 
PAKX Pack e 
UNPX Unpack e 
TRNX Translate e 


Convert to Binary e 


es @M4(R4),Ro 


nema Se LG 


FUNCTION: Converts a 3-byte packed decimal field in 
memory to a 2-byte binary field in a general register. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
function bit distinguishes between CVB and CVBT. 


OPERAND 1:A 3-byte packed decimal field in memory. 
Addressing options to the base address My include 
indexing, indirect addressing, or a combination of both 
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The effective address points to the most significant byte 
of the field. The packed decimal field may hold five digits 
and a sign. 


OPERAND 2: The resultant 2-byte signed binary value in 
the general register specified by Ro. The binary value has 
15 bits and a sign bit. 


RESULTS: The result field resides at the operand 2 
location. The Condition register is affected as follows. 


e@ Bit 0 (overflow) is set if results are greater than 


+32,767 or less than -32,767. (Note: -32,768 is 
converted correctly but the overflow bit is set.) 


@ Bits 1-7 unchanged. 


EXAMPLE 


TAG(4) identifies a 3-byte packed decimal field (five 
digits plus sign) which is converted to a 16-bit (15 bits 
plus sign) binary value and loaded into register 6. 


OPERAND 


19 20 21 22 23 24 25 26 27 28 29 20 31 32 33 M35 36 37 3839 40 41 42 03 4 45 4 


be deg Hegel wi SPe de lay dy Soe aU er SL a oe Se ae oe 


The 3-byte packed field at the effective address of 
TAG(4): 


Sign bit = 0 


Convert to Binary Two-Word e 


CVBT @M4(R;),R> 


FUNCTION: Converts a 6-byte packed decimal field in 
memory to a 4-byte binary field in two general registers. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for this instruction; this 
function bit distinguishes between CVB and CVBT. 


OPERAND 1: A 6-byte packed decimal field in memory. 
The packed decimal field can hold 11 digits and a sign. 
Addressing options to the base address M,_ include 
indexing, indirect addressing, or’'a combination of both. 
The effective address points to the most significant byte 
of the field. 


OPERAND 2: The resultant 4-byte field in two general 
registers that will hold a 32-bit (31 bits and a sign bit) 
binary field. The binary field will be in the register 
specified by Rg and the next highest register Ro+1; the 
most significant bits are in the Ro register. (Note: If 
register 7 is specified by Ro, the binary field is in registers 
7 and 0, with the most significant bits in register 7.) 


RESULTS: The result field resides at the operand 2 
location. The Condition register is affected as follows: 


e@ Bit O (overflow) is set if results are greater than 


+231. or less than -231-1, (Note: -231 is 
converted correctly but the overflow bit is set.) 


® Bits 1-7 are unchanged. 


EXAMPLE 


@TAG(3) identifies a 6-byte packed decimal field (11 
digits plus sign) which is converted to a 32-bit (including 
sign) binary value and loaded into register 7. 


The 6-byte packed decimal field at the effective address of 
@TAG(3): 


The resultant 4-byte binary field in register 7: 


4 
0 


Sign bit = 


Convert to Decimal e 


CVD @M4(R}4),Ro 


0 7 #8 9 11. «12 —=««13 16 


EUNCTION: Converts a 2-byte binary field in a general 
register to a 3-byte packed decimal field in memory. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
function bit distinguishes between CVD and CVDT. 


OPERAND 1: The resultant 3-byte packed decimal field 
in memory which can hold five digits and a sign. 
Addressing options to the base address My include 
indexing, indirect addressing or a combination of both. 
The effective address points to the most significant byte 
of the field. 


OPERAND 2: A 2-byte signed binary value in the general 
register specified by Ro. The binary value has 15 bits and 
a sign bit. 


RESULTS: The result field resides at the operand 1 
location. 


EXAMPLE 


Register 2 contains a 16-bit binary value which is 
converted to a 3-byte packed decimal field and stored at 
the location specified by TAG(1). 


The 2-byte binary field in register 2: 


4 


Sign bit = 0 


The resultant 3-byte packed field at the effective address 
of TAG(1): 


Convert to Decimal Two-Word e 


CVDT @M,(R4),Ro 


0 7 8 9 11, «12—~«33 15 
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FUNCTION: Converts a 4-byte signed binary field located 
in two general registers to a 6-byte packed decimal field 
located in memory. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for CVDT instruction; 
this function bit distinguishes between CVD and CVDT. 


OPERAND 1: The resultant 6-byte packed decimal field 
located in memory. The packed decimal field may hold 11 
digits and a sign. Addressing options to the base address 
M, include indexing, indirect addressing, or a 
combination of both. The effective address points to the 
Most significant byte of the field. 


OPERAND 2: A 4-byte signed binary value (31 bits and a 
sign bit) located in two general registers. The binary field 
is in the register specified by Ro and the next highest 
register, Ro+1; the most significant bits are in the Ro 
register. (Note: If register 7 is specified by Ro, the field is 
in registers 7 and O with the most significant bits in 
register 7.) 


RESULTS: The result field resides at the operand 1 
location. 


EXAMPLE 


Registers 3 and 4 contain a 4-byte binary value which is 
converted to 6-byte packed decimal (11 digits plus sign) 
and stored at the location identified by DFLD. 


The 4-byte binary field in registers 3 and 4: 


Sign bit = 0 


The resultant 6-byte packed decimal field at the address 
specified by DFLD: 


Packed Decimal/Alpha Edit 
EDT X M,(L4,R4),Mo(Lo,RQ) 
0 7 8 


me 


57 


Ly 
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FUNCTION: This instruction moves the contents of a 
source field to a result field with editing syrnbols inserted 
according to an edit mask. The first-byte address of the 
mask field must be set in general register 1 prior to 
execution of the edit instruction. A more complete 
description of the functions performed and details of the 
edit mask follows this summary. 


OPERAND 1: The field in memory to be edited. It must 
be a packed decimal field for numeric editing; for 
alphanumeric editing it must be an EBCDIC field. For 
numeric editing, the number of digits in the source field is 
specified in L4; for alpha editing, no length is specified. 
Addressing options to the base address M, include only 
indexing. 


OPERAND 2: The field in memory that will hold the 
edited results. It will always be an EBCDIC field. For 
numeric editing, the length in bytes of the result field is 
specified in Lo. For alphanumeric editing, Lz must be 
zero. Addressing options to the base address Mz include 
only indexing. 


RESULTS: An EBCDIC field at the operand 2 location. 
Results depend on the type of editing and the contents of 
the edit mask. 


EXAMPLE 


OPERAND 


stots. 29 2S he 2? OA 24 WAT 12 34 94 Ih 36 VF 18 39 40 41 42 49:44 45 46 
Tosh anniv not un SOOT UNTon il WHS EOS 


TAG OS) , HERE C6) 


No length is specified because, in the example, the field to 
be edited is assumed to be an alphanumeric field; as such, 
both fields are EBCDIC. 


The location TAG(5) contains the alphanumeric field to 
be edited, and the field at the address HERE(6) receives 
the editing symbols generated during the edit. 


Detailed Description of Edit 


The EDTX instruction performs both numeric editing and 
alphanumeric editing. 


The source field is moved to the result field with editing 
symbols inserted according to the edit mask. The result 
field is always an EBCDIC field. The source field must be 
a packed decimal field when numeric editing is requested 
(Ly=0). The source field must be an EBCDIC field when 
alphanumeric editing is requested (L5=0). 


The editing function is terminated as dictated by the edit 
mask. The length specifications (L1 and L9) are used 
when numeric editing is requested to unpack the source 
(using UNPX) before actual editing begins. 


Upon return from a numeric edit, general register 1 
contains the byte address of the last nonsignificant (FO 
value) character. This address is used to store the float 
character if desired. If there is no significant character 
(source field has zero value), general register 1 will be set 
to zero. This register will always be set to zero following 
an alpha edit. The Condition register is set as follows 
when numeric editing is requested. 
e@ Bit 1 is set if the source field is positive. 


e@ Bit 2 is set if the source field is negative. 
e Bit 3 is set if all source digits are zero. 


e Bit 4 is always cleared. 


The Condition register is not used or modified when 
alphanumeric editing is requested. 


Edit Mask 


Editing is accomplished by means of an edit control 
technique. The mask field, which is referenced (but not 
changed) by the EDTX instruction, is used to control data 
movement from the source field to the result field. The 
mask field is made up of a string of one character (double 
digit) edit operators and EBCDIC insert characters. The 
edit operators are basically control functions directing the 
edit microcode rather than the traditional mask used by 
the edit microcode to drive the editiiig function. 


To facilitiate a clear understanding of the editing process, 
the following microcode indicators are defined. These 
indicators are internal to the microcode and not directly 
accessible by the user. They are initialized by the 
microcode as defined below. The edit mask operators 
direct the resetting and use of these indicators. 


There are two microcode indicators and one 8-bit value 
field which the edit microcode requires to effect the 
execution of the EDTX instruction: 


SD Significance Digit Indicator 


Initially SD is set to zero and is set to 
one when significance is detected (by 
edit operator or by occurrence of a 
non-zero digit in the source). 


SG __ Sign Indicator 


The SG indicator is set according to the 
Condition register after the source has 
been unpacked. 

GT = Bit 1 set — source is positive 

EQ = Bit 3 set — source is equal to zero 

LT = Bit 2 set — source is negative 


Fi Fill Character (8-bit EBCDIC) 


Initially set with EBCDIC space (40 
hex). The fill character may be specified 
via the Set Fill edit operator to any 
EBCDIC value. 


The edit operators within the mask field have the 
following format: 


The first (zone) digit of each edit operator character is the 
variant specifier, V. The second (numeric) digit is the 
function specifier, F. When used, V specifies either repeat 
count of the function F or subcontrol information. 
Otherwise V is ignored. 


The edit operators divide into three functional categories: 


1. Data Transfer 
2. Data Insert 
3. Control 


Data transfer operators specify conditional and 
unconditional transfer of data from the source field to the 
result field. 


Data insert operators specify conditional and 


unconditional insertion of characters into the result field 
where there is no dependency or reference to the source 
field. 


Control operators function as explicit edit performance 
controls where there is no reference directly to the source 
or result fields. 


The function code F specifies the operation to be 
performed. These codes have a numerical 4-bit 
hexadecimal assignment. Following is a list of the edit 


operators with the F code divided into categories. 
Gategory Operator F-Hex F-Binary Operator Description 

Move character 

Transfer | Move character suppress 


tnsert character 


Insert 5 Insert character suppress 


Insert sign 
Terminate edit 
Control Set significance (SD) 


Set fill (Fl) 
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The {C, ICS, and SFI operators require one insert 
character following the edit operator. The ISG operator 
requires either one or two insert characters following the 
ISG edit operator. In all cases the insert characters are 
bypassed automatically by the microcode to obtain the 
next edit operator. 


Numeric Editing 


The edit operators function as follows during a numeric 
edit. 


MC — Move Character (F = 8) 
e If SD equals zero, perform the SSD operation 
(absolute). 


e Move a character from the unpacked source field 
to the result field. 


e V specifies a repeat count (0-15). 
MCS — Move Character Suppress (F = 9) 

e If SD equals one, perform the MC operation. 

e If SD equals zero and the next source character 
equals zero, move the fill character from FI to 
the result field. 

e If SD equals zero and the next source character is 
non- zero, perform the MC operation (SD gets set 
equal to one by MC). 

e V specifies a repeat count (0-15). 


IC — Insert Character (F = 4) 


e Move the character following this edit operator 
to the result field. 


e V specifies a repeat count (0-15). The same 
character will be inserted V+1 number of times. 


ICS — Insert Character Suppress (F = 5) 
e If SD equals one, perform the IC operation. 


e If SD equals zero, move the fill character from 
F1 to the result field. 


@ V specifies a repeat count (0-15). The same 


character (fill character or insert character) will 
be inserted V+1 number of times. 
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ISG — Insert Sign (F = 7) 
e If SG = LT (negative source) and 


V=0, move the character following this edit 
operator to the result field; 


V=1, move the character following the edit 
operator to the result field; 


V=2, move the two characters following this edit 
operator to the result field. 


e If SG = EQ or GT (positive source) and 
V=0, move a + (4E hex) to the result field; 
V=1, move a space (40 hex) to the result field; 
V=2, move two spaces to the result field. 


e V isa sub-control function specifying the type of 
sign inserted. 


TE — Terminate Edit (F = 0) 
e Immediately terminates the EDTX instruction. 


e The Condition register has been set to EQ, GT, 
or LT. 


e@ General register 1 is set to the address -1 of the 


significant character within the source. It is set to 
zero if there is no significance found. 


e V is not used. 
SSD — Set Significance (F = 2) 


V is asub-control function specifying whether absolute or 
conditional set significance is requested. 


@ V = 1, absolute set significance is performed: 
1. Set SD equal to one. 


2. Set current result field address -1 in general 
register 1 as float address. 


e V =0, conditional set significance is performed: 
1. If SD equals one, this is a no operation. 


2. If SD equals zero and SG=EOQ, this is a no 
operation. 


3. If SD equals zero and SG=GT or LT (source 
non-zero), perform the absolute set 
significance. 


SFI — Set Fill Character (F = 6) 


e Set Fl with the character following this edit 
operator in the mask field. 


e V is not used. 


Unusual Conditions in Numeric Editing — The following 
hexadecimal values are not legal numeric editing 
functions. If encountered, the following results will be 
obtained. 


e F=1 A normal Terminate Edit (TE) 
will be executed. 


e F=3 Anormal Set Significance (SSD) 
will be executed. 


e F=C A normal Move Character (MC) 
will be executed. 


e F=D A normal Move Character 
Suppress (MCS) will be 


executed. 
e F=AorE 
i? if SD equals one, move source 


character to result field. 


2. If SD equals zero, perfurm the 
absolute Set Significance 
operation, skip the next source 
character. 


3. V is ignored. 
e F=BorF 


1. If SD equals one, move the source 
character to the result field. 


2. If SD equals zero and the source 
character is non-zero, perform 
the absolute Set Significance; skip 
the next source character. 


3 If SD equals zero and the source 
character is zero, move the Fl 
value to the result field. 


4. V is ignored. 
Since the source field is unpacked into the result field, 


right justified, the length specification Ly must be greater 
than Ly. 


if Lo is equal to or less than L4, the source character 
could possibly be replaced by editing insert characters but 
unpredictable results would be obtained. 


Alphanumeric Editing 


Alphanumeric editing is performed when L> = 0. The edit 


- Operators generally used are TE, IC, and MC, 


The SSD, SFI, and ICS will function but are not generally 
of use in alphanumeric editing. Following is a description 
of the editing operations. 

NIC - Move Character (F = 8) 


@ Move a character from the source field to the 
result field. 


e Visa repeat count (0-15). 
@ SD is not set. 

IC — Insert Character (F = 4) 

. @ Same as for numeric editing. 

IGS — Insert Character Suppress (F = 5) 
@ Same as for numeric editing. 

TE — Terminate Edit (F = 0) 


@ Immediately terminate the edit and return 
control to the caller. 


SSD — Set Significance (F = 2) 
@ If V=1andSD = 0, set SD= 1. 


@ The address of the last byte moved or inserted 
into the result is placed in general register 1. 


e If V=0or SD = 1, no operation. 
SFI — Set Fill (F =6) 

@ Same as for numeric editing. 
Unusual Conditions in Alphanumeric Editing — The 
following hexadecimal values are not fegal in 
alphanumeric editing functions. !f encountered, the 


following results will be obtained. 


e F=1 A normal Terminate Edit (TE) 
will be executed. 


4-47 


e F=3 Anormal Set Significance (SSD) 
will be executed. 


e F=7 The Insert Sign has no meaning 
in that the Condition register is 
not set in alphanumeric editing 
and the SG does not contain a 
meaningful value. 


e F=9,C,orD 
Treated as a normal Move 
Character (MC). 


e F=A,B,E, or F 
One character is moved from 
the source field to the result 
field. V is ignored. 


The condition register is not used or modified by 
alphanumeric editing. General register 1 is set to zero 
upon return from alphanumeric editing. 


Pack e 


PAKX M4(L4,R4),Ma(L9,R9) 


0 


FUNCTION: Converts a zoned decimal field to a packed 
decimal field. Both fields must be in memory; the field 
lengths may vary from 0-255. Packing proceeds from right 
to left until the length of the result field (L9) is 
exhausted. 


OPERAND 1: The zoned decimal field; the length of the 
field, in bytes, is specified by the L 1 value in the 
instruction. Addressing options to the base address My 
include only indexing. 


OPERAND 2: The resultant packed decimal field; the 
length of the field, in bytes, is specified by the Lo value in 
the instruction. Addressing options to the base address Ma 
include only indexing. 


RESULTS: The packed field resides at the operand 2 
location. The Condition register is affected as follows: 


e Bit 0 is always cleared. 
e Bit 4 (invalid) is set if an invalid decimal digit 
(not 0-9) occurs in operand 1 or if the sign field 


is not A-F; bits 1-3 are cleared. However, packing 
continues until L5 is exhausted. 
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e No significance in the result (packed field) sets 
bit 3, clears 1, 2 and 4. 


@ Significance and a sign of F, A, C or E sets bit 1 
and clears 2-4. 


@ Significance and a sign of B or D sets bit 2 and 
clears 1, 3 and 4. 


CONSIDERATIONS 


1. Zone of low order digit (sign) is the only one 
validated. 


2. Packing continues until the length Lg is 
exhausted. 


3. If the number of packed digits in the receiving 
field (2L5-1) is greater than the number of digits 
(L4) of the sending field, zero fill is provided. 


4. If the number of packed digits (219-1) is less 
than the number of digits (Lj) of the sending 
field, truncation occurs but the overflow bit is 
not set. 


5. The sign of the sending field (zone of the 
rightmost byte) becomes the sign of the receiving 
field. 


6. A field may be packed to itself (if the receiving 
field length Lo is at least as large as L}). 


7. The packed result field always contains an odd 
number of digits (including significant and 
nonsignificant digits). 


8. No significance in the result and a negative 
sending field sign generates a hex C sign and the 
setting of bit 3 of the Condition register. 


9. If Ly or Lo is zero, bit 3 of the Condition 
register is set and bits 0-2 and 4 are cleared. 


EXAMPLE 


Assume that the following unpacked field is at an address 
identified by WFLD, and WFLD=300. 


300 301 302 303 304 
Unpacked 


The following instruction shows how the field WFLD may 
be packed to itself; packing proceeds from right to left, 
and the unused bytes are filled with zeros. 


The next instruction defines the result field as three bytes 
in length; the unused bytes (bytes 300 and 301) remain as 
they were in the original field. 


SIGN RULES FOR PAKX AND UNPX 


1. Valid signs for unpacked fields in hexadecimal, 
are: plus=F,A,C,E and minus=B,D. 


2. Valid signs for packed fields, in hexadecimal, are 
plus=F, A, C, E, 0, 2, 4,6, 7, 8, and minus=B, D, 
1,3, 5, 9. 


3. When packing is performed, the packed field will 
accept any valid sign in the unpacked field. 
Similarly, when unpacking, the unpacked field 
will accept any valid sign in the packed field. 


4. The preferred signs are, in hexadecimal: plus=C, 
and minus=D. An_ arithmetic operation 
performed on a packed field will change any sign 
other than a preferred sign to the preferred C or 
D. 


Unpack e 


UNPX M,(L4,R4),Mo(Lo,R9) 


FUNCTION: Converts a packed decimal field to a zoned 
decimal field. Botlt fields must be in memory; the field 
lengths may vary from 0-255. Unpacking proceeds from 
right to left. The zoned decimal field must contain at least 
as many bytes as there are significant digits in the packed 
decimal field. 


OPERAND 1: The packed decimal field; the length of the 
field, 0-255 bytes, is specified by the Ly value in the 
instruction. Addressing options to the base address My 
include only indexing. 


OPERAND 2: The resultant zoned decimal field; the 
length of the field, 0-255 bytes, is specified in the L»5 field 
of the instruction. Addressing options to the base address 
Mo include only indexing. 


RESULTS: The zoned decimal field resides at the operand 
2 location. The Conditign register is affected as follows: 


@ Bits O and 4 (invalid) are always cleared. 


@ If no significance results bit 3 is set, bits 1 and 2 
are cleared. 


@ If significance results and the sign is F, A, C, E, 
0, 2, 4, 6, 7 or 8 bit 1 is set and bits 2 and 3 are 
cleared. 


@ If significance results and the sign is B, D, 1, 3, 5, 
or 9 bit 2 is set and bits 1 and 3 are cleared. 


CONSIDERATIONS 
1. No field validity checking is perfarmed. 


2. If the number of unpacked digits in the receiving 
field (Lo) is greater than the number of digits 
(2L4-1) of the sending field, zero fill is provided. 


3. If the number of unpacked digits (L9) is less than 
the number of digits (2L4-1) of the sending field, 
truncation occurs but the overflow bit is not set. 


4. The sign of the sending field becomes the sign of 
the receiving field. No preferred sign is generated. 


5. Unpacking a field to itself will result in a 
transposition of the sign and least significant 
digit, and an invalid result field if the field length 
L9 is greater than 3. 


6. If Ly or Lo is zero, bit 3 of the Condition 
register is set and bits 0-2 and 4 are cleared. 
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EXAMPLE 


The following instruction will unpack a field named BAL 
and place it in a field named OUT; the length of the 
packed field is 2 bytes, the unpacked field is 3 bytes. 


| OPERATION 
[9] ro 11 12.13 14 15 16 Vf tal 9 20 20 22 23 24 25 26 27 78 29 30 31 32.33 34 1 36 37 3839 4041 42 43.44 45 46 
, 


The packed field — BAL: 


BEogeres 


The resultant unpacked field — OUT: 


(Lo = 3) 


The unpacked field need only be 2 bytes in length; the 
next instruction defines OUT as 2 bytes long, while BAL 
is the same length as in the first example. 


4th te 


The resultant unpacked field — OUT: 


Unpacked 


Translate e 


TRNX  M4(R4),Mo(Lo,R9) 
0 


56 


FUNCTION: Performs a byte-by-byte translation of the 
contents of a memory field, using a translate table. The 
first byte of the translate table is located at the address 
specified by the contents of general register 1. The table 
has an assumed length of 256 bytes. 


OPERAND 1: The field in memory that is to be 
translated. Addressing options include indexing, but not 
indirect addressing. The length of the M, field is always 
the same as the length of the Mo field. 
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OPERAND 2: The field in memory that will hold the 
translated values at the conclusion of the operation. 
Addressing options include indexing, but not indirect 
addressing. The length (in bytes) of the Mo field is always 
the same as the length of the Mj field. 


FIELD LENGTH: From 1 to 256 bytes may be 
translated. Because the 8-bit Lo field cannot depict a 
value greater than 255, the number of bytes translated by 
this instruction is always one greater than the literal value 
of the Lo field. If Lg=0, one byte will be translated; if 
L5=255, 256 bytes will be translated. 


RESULTS: The translated result field resides at the 
operand 2 location. 


EXAMPLE 


ee 
MAME OPERATION 
1? 345 f 7 A (9 TE 12 18 1a 16 


The 256 bytes identified by HERE(255,2) are translated 
byte-by-byte and placed in a field identified by TAG(3). 
Each byte value extracted from the HERE(255,2) field is 
entered into the table with the TAG(3) address added to 
it. Consequently, the table contains the addresses of the 
translated values, and therefore can be used as an index to 
them. (The address of the table is contained in register 1.) 


OPERAND 


WH 20 71-72 73 24 25 7h 27 2B 29 30 At 32 33:34 84 jh TF HB a al 4? 43:44 45 46 
ant tt 


BRECASS., £).,.TACCS) 


DATA TRANSFER INSTRUCTIONS 


Mnemonic Name 
CLDR Condition Register Load 
CSTR Condition Register Store 
INV Inverse Move Memory — Register 
INVD Inverse Move Direct 
INVI Inverse Move Immediate 
INVM Inverse Move Memory — Memory 
INVR Inverse Move Register — Register 
LOD Load Memory — Register 
LODB Load Byte e 
LODD Load Direct 
LODI Load !mmediate 
LODT Load Two-Word 
MOVB Move Byte e 
MOVL Move Long e 


MOVM Move Memory — Memory 
MOVR Move Register — Register 
MOVX Move Characters e 
PSTR Program Address Store 
STO Store Memory — Register 
STOB Store Byte 

STOT Store Two-Word 


Condition Register Load 


CLOR @R, 


0 7 8 9 1 «12 15 


FUNCTION: Transfers the contents of a one-word 
field in a general register or in memory to the 
Condition register. 


NOTE 


Normally, bits in the Condition register are set or 
cleared by hardware to show the results following 
the execution of certain machine instructions (bits 
0-7), or to identify a status condition that requires 
executive-program action (bits 12-15), such as a 
Bounds error. If any of the bits 12-15 in the field 
being transferred are true (on), false status 
conditions may be transmitted to the executive 
program when the Condition register is loaded. This 
caution does not apply if the field being transferred 
was originally generated by the CSTR instruction. 


OPERAND: A one-word value in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


EXAMPLE 


OPERATION OFERAND 


“Th 16 12] 18 


A 16-bit field located at the address specified in register 5 
is transferred to the Condition register. 


Condition Register Store 


CSTR @R, 


0 7 8 11. (12° «13 15 


ee. 


FUNCTION: Transfers the contents of the Condition 
register to a one-word field in a register or in memory. 


OPERAND: A one-word value in the general register 
specified by Ry, or in memory if indirect addressing is 
used, 

EXAMPLE 


The contents of the Condition register are transferred to 
the location specified in register 6. 


Inverse Move Memory — Register 


INV @My4(R4),@R9 
0 7 8 9 10120«13 15 
ieee ef 


FUNCTION: Transfers the one’s complement of a 
one-word field in memory to a one-word field in a general 
register or in memory. 


OPERAND 1: The sending field; a one-word field in 


. memory. Addressing options to the base address M, 


include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in the 
general register specified by Ro, or in memory if indirect 
addressing is used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


pra iad ste ea ene aE 
NAME OPERATION 
42.345 6 7 Of3fto i i2 a3 4 15 16 tH t8 
re oP og AWOL. 


one’s complement format to the location specified in 
register 1. 


OPERAND 


19 20 21 22.23 24 75 %6 7! 28 79 30 3 37 39 946 35 369) 3039 40 41 47 494045 6 


DAT. CY). GO ... 


Inverse Move Direct 


INVD  14(R4),@Ro 


0 7 #8 9 11, (12—~«183 15 


FUNCTION: Transfers the one’s complement of a 
one-word immediate value to a one-word field in a general 
register or in memory. 


OPERAND 1: A 16-bit immediate value in the second 
word of the instruction; the value may range from 
0-65,535. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |; value and the 
contents of the general register specified by R74; no check 
for overflow or link is made during the indexing. 


QPERAND 2: A one-word field in the genera! register 


specified by Ro, or in memory if indirect addressing is 
used. 
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RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERATION 
wos afap az teas ty te uftal on cu 20 2273-74-28 26 71-28 29 10 31 32 33 94 35 36 3) 18.99 40 41 AD 43 4a 05 4G 
‘ 


a ER Pee SIP 8 EO ae ER 


The one’s complement of the value formed by adding 650 
to the contents of register 4 is transferred to the location 
specified in register 7. 


Inverse Move Immediate 


INVI 14,@R 


0 7 8 9 11°¢«12~—~«13 15 


FUNCTION: Transfers the one’s complement of a 4-bit 
immediate value to bits 12-15 of a one-word field in a 
general register or in memory. Bits 0-11 of the one-word 
field are always set to ones. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction; the value may range from O-15. 


OPERAND 2: A one-word field in the general register 
specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: The result field resides in bits 12-15 of 
operand 2. 


EXAMPLE 


OPE RAND 


OPERATION 


way aya dd 


Thy th U7 VU 20 21-72 28 24 IG At 2t 28 29 30 TL 37 33:34 9S Je Sh B49 40 4 47 43 48 45 4G 
a a let 


The one’s complement of 11 is transferred to bits 12-15 
of a 16-bit field located at the address specified in register 
7. Bits 0-11 in the 16-bit field are turned on; the result 
field appears as follows: 1111111111110100. 


Inverse Move Memory — Memory 


INVM @M4(R7),@M(R9) 


0 7 #8 @ 14 12 0~«13 16 


FUNCTION: Transfers the one’s complement of a 
one-word field in memory to another one-word field in: 
memory. 
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OPERAND 1: The sending field; a one-word field in 
memory. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in 
memory. Addressing options to the base address M5 
include indexing, indirect addressing, or a combination of 
both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


The one’s complement of a 16-bit field located at an 
address identified by TAG(6) is transferred to the field at 
the address identified by HERE(7). 


inverse Miove Register — Register 


INVR @Ry,@R2 


FUNCTION: Transfers the one’s ie = a 
one-word field to another one-word field; either field may 
be in a register or in memory. 


OPERAND 1: The sending fieid; a one-word field located 
in the general register specified by Ry, or in memory if 
indirect addressing is used. 


OPERAND 2: The receiving field; a one-word field 
located in the general register specified by Roy, or in 
memory if indirect addressing is used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERAND 


Ht 2s 2d 24 dh 24 2H 24 30 4 2 14 My 36 37 38:39 40.41 47 43.44 15 46 
tattle 


The contents of register 1 are converted to one’s 
complement format and stored in register 2. 


Load Memory — Register 


LOD @M4(R;),@Ro 


0 7 8 9 WW =#12~«213 15 
ee te 
My 


FUNCTION: Transfers the contents of a one-word field in 
memory to a one-word field in a general register or in 
memory. 


OPERAND 1: The sending field; a one-word field in 
memory. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in the 
general register specified by Ryo, or in memory if indirect 
addressing is used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


FLDA(1) is the address of a 16-bit value which is 
transferred to another location specified by the address in 
register 5. 


OPERAND 


NAME 


12445678 19 20 2.27.74 24 15 26 21-28-29: 31 37-34: 15 76:30 3B 39 40.40 42 4344 45 6 


Load Byte e 


LODB 


0 


9 11 


7 #8 12. «13 15 
i ER 


FUNCTION: Transfers a one-byte field in memory to bits 
8-15 of a one-word field in a general register or to a 
one-byte field in memory. 


OPERAND 1: The sending field; a one-byte field in 
memory. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in the 
general register specified by Ro, or a one-byte field in 
memory if indirect addressing is used. If the field is in a 
general register, the byte is placed in bits 8-15 and bits 0-7 
are zeroed out. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


OPERATION OPERAND 
1914 12-13 14 th 16 174 18h 19 20, 21 22 723 24 7526 27 28 29 90 31 37 33 36 96 36 37 3859 40,41 42 43 44 45 46 
' : 


NAME 


(2345878 
SoM 


NOW(3) yields the address of a one-byte field in memory 
which is transferred to bits 8-15 of register 6. 


Load Direct 


LODD 14(R4),@Ryg or My(R4),@Ro 
0 7 8 9 1120«13 15 


4 
FUNCTION: Transfers the contents of a one-word 


immediate value to a one-word field in a general register 
or in memory. 


OPERAND 1: The sending field; a 16-bit immediate value 
in the second word of the instruction; the value may range 
from 0-65,535. If an address symbol is used in operand 1 
(M4), the address of that field is used in the load 
operation. 


Indexing may be specified for operand 1. In this case, 
operand 1 is derived by adding the |, value and the 
contents of the index register specified by R41; no check 
for overflow or tink is made during the indexing. 


OPERAND 2: The receiving field; a one-word field in the 
general register specified by Ro, or in memory if indirect 
addressing is used. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


The address of the field named STORE (not the actual 
field) is loaded into register 4. 


OPERAND 
19 20 2) 22 23 24 75 26 27 20-29-30 31 3233 J4 35 36 37 3839 40 41 42 43.44 Ay AG 


STORE, Yoo 


Lops 


OPERATION 
TRIE 
ae 


Load Immediate 


LODI 14,@R9 


0 7 #8 9 11°612~«13 15 


FUNCTION: Transfers a 4-bit immediate value to bits 
12-15 of a one-word field in a general register or in 
memory. 


QOPERAND 1: The sending field; a 4-bit unsigned value 
located in bits 8-11 of the instruction; the value may 
range from 0-15. 


OPERAND 2: The receiving field; a one-word field 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. 
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RESULTS: The result field resides at the operand 2 
location. The value from operand 1 is placed in bits 12-15 
of operand 2; bits 0-11 of operand 2 are always zeroed 
out. 


EXAMPLE 


SR er he Ee he as ay vy Os 


The immediate value 14 is loaded into register 3. The 
result in memory appears as follows: OO0O0000000001 110. 


Load Two-Word 


LODT @M4(R4),@Ro 
0 


70 


FUNCTION: Transfers the contents of a two-word field in 
memory to a two-word field in a general register or in 
memory. 


OPERAND 1: The sending field; a two-word field in 
memory beginning at the specified effective address. The 
most significant bits are at this address. 


Addressing options to the base address My, include 
indexing, indirect addressing, or a combination of both. 


OPERAND 2: The receiving field; a two-word field 
located in two general registers or in memory. 


if direct addressing is used, the field is in the register 
specified by Rg and the next highest register, Ra+1; the 
most significant bits are in the Ro register. (Note: If 
register 7 is specified by Ro, the field is in registers 7 and 
0 with the most significant bits in register 7.) 


lf indirect addressing is used, the field is in memory 
beginning at the address in the Ro register; the most 
significant bits are at this address. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


NAME 


1? 3 4 4 6? OB 


The 32-bit field identified by HERE(7) is loaded into 
registers 5 and 6. 
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WAME OPERATION 
12 4 4 5 6 7 At9f to 11 1219 14 15 16 17) 1B 19 70 25 22 23.24 25 26 27 28 29 30 31 32 33 M4 35 36 37 039 40 41 42 A944 45 46 
‘ i 


Move Byte e 


MOVB @M4(R4),@M(Ro) 


0 7 8 9 10 120—~=«13 15 
[md 
My 
M9 


FUNCTION: Transfers a one-byte field in memory to 
another one-byte field in memory. 


OPERAND 1: The sending field; a one-byte field in 


memory. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in 
memory. Addressing options to the base address M9 
include indexing, indirect addressing, or a combination of 
both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


QPERAND 


Ve MDL 22-2128 25 Dh 27-28 -24-WO IN 42 F434 35 36 17 8 39 40 41 42 43 4a 45 06 
Bb ATSB FS SOSA AES 3:8448 1G: 


A byte at the address identified by THERE(1) is moved to 
the location identified by HERE(4). 


Move Long e 


MOVL M4(L4,R4),Ma(Ro) 


0 7 8 9 1100: 12)—=O«13 15 


FUNCTION: Moves a field in memory to another location 
in memory. The length of both fields must be the same; 
this length can vary from 0-65,535. 


OPERAND 1: The sending field, moved one byte at a 
time. The field length, 0-65,535 bytes, is specified by the 
L, value in the instruction. Addressing options to the base 
address M, include only indexing. The effective address 
points to the most significant byte of the field. 


OPERAND 2: The receiving field. The field length, 
0-65,535 bytes, is specified by the Ly value in the 


instruction. Addressing options to the base address Mo 
include only indexing. The effective address points to the 
most significant byte of the field. 


RESULTS: The result field resides at the operand 2 
location. The sending field and receiving field may 
overlap. If Ly = 0, no move of data is executed. 


CONSIDERATIONS 


A word move is performed if L4 is even and the 
beginning addresses of both fields are even. 


EXAMPLE 


A 2,000-byte field identified by TAG(2000,6) is moved to 
another memory location beginning at the address 
represented by HERE(7). 


Move Memory — Memory 


MOVM @M 4(R7),@M9(R2) 


FUNCTION: Transfers the contents of a one-word field in 
memory to another one-word field in memory. 


OPERAND 1: The sending field; a one-word field in 
~ memory. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The receiving field; a one-word field in 
memory. Addressing options to the base address Mo 
include indexing, indirect addressing, or a combination of 
both. 


RESULTS: The result field resides at the operand 2 
location. 


EXAMPLE 


identified by TOT(6). 


Move Register — Register 


MOVR @R4,@Ro 


0 


7 8 9 11°12 °=«13 15 
a See cel 


FUNCTION: Transfers the contents of a one-word field to 
another one-word field; either field may be in a general 
register or in Memory. 


OPERAND 1: The sending field; a one-word field in the 
general register specified by R47, or in memory if indirect 
addressing is used. 


OPERAND 2: The receiving field; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


RESULTS: The moved value is at the operand 2 location. 


EXAMPLE 


A 16-bit field at the address specified in register 6 is 
moved into register 4. 


Move Characters @ 


MOVX M1(L4,R4),Mo(L2,RQ) 


0 7 8 9 11 15 


FUNCTION: Transfers the contents of a field in memory 
to another field in memory; the field lengths may vary 
from 0-255 bytes. 


OPERAND 1: The sending field. The field length 0-255 
bytes, is specified by the Lj value in the instruction. 
Addressing options to the base address My include only 
indexing. 


OPERAND 2: The receiving field. The field length, 0-255 
bytes, is specified in the Lo field of the instruction. 
Addressing options to the base address Mo include only 
indexing. 


RESULTS: The result field resides at the operand 2 
location. The following conditions may occur, depending 
on the values of Ly and Lo. 


e If L, = Lg, the number of bytes specified by L4 
is transferred. 


e If Ly is less than Lo, the number of bytes 


specified by Ly is transferred, then blanks are 
used to fill operand 2. 
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e If Ly is greater than Lo, the number of bytes 
specified by L> is transferred. 


e If Ly = 0 and Ly # O, the number of bytes 
specified by La is filled with blanks. 


@ if L,=Oand L»> = 0, no transfer is executed. 


CONSIDERATIONS 


A word move is performed if, and only if, the 
lengths Ly and Lo and the effective addresses M4 
+ (R41) and Mg + (Ro) are both even. 


EXAMPLE 


Be ewes 


The TOTAL field is moved to the DISKOUT field. Since 
DISKOUT is larger than TOTAL, the rightmost 5 bytes of 
DISKOUT are filled with blanks. 


Program Address Store 
PSTR @R, 

0 
| 3A 
FUNCTION: Transfers the current program address to a 
one-word field in a register or in memory. 


specified by Ry, or in memory if indirect addressing is 
used. 


RESULTS: The current program address resides at the 
operand 1 location. 


EXAMPLE 


10 11 1219 14 15 16 1M 16h 19 20 21 77 23-74 25 26 27 78 29 90 31 32 34 3A To 363) IBID 40.41 a2 43 48 15 46 
UPLATE ais 


Transfers the current value of the Program Address 
register to the address specified in register 5. 


Store Memory — Register 


STO @My(R4),@Ro 


0 


FUNCTION: Transfers the contents of a one-word field in 
a general register or in memory to another one-word field 
in memory. 

OPERAND 1: The receiving field; a one-word field in 
memory. Addressing options to the base address My, 
include indexing, indirect addressing, or a combination of 
both. 
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NAME | OPERATION OPERAND 
123 48 6 7 8[9] 10 11 12.13 14 15 16 17/18 19 20 21 22 23 24 25,26 27 28 29 30 31 32 39 M35 36 37 3839 40 41 42 A346 AS 06 


OPERAND 2: The sending field; a one-word field in the 
general register specified by Ry, or in memory if indirect 
addressing is used. 


RESULTS: The field is stored in the operand 1 location. 


OPERATION 
1011 1213 16 15 16 1 


The contents of register 4 are stored at a memory location 
identified by TAG(1). 


EXAMPLE 


en 


OPERAND 


19 20 21 22 23 24.2 26 27 28 29 30 31 32 33-4 35 26 3) 3B 39 40 41 a7 A344 dd AE 
pI IEE 


THE.CID. Mo, 


Store Byte e 


STOB @M,(R}),@R2 


0 7 8 9 11.612 «143 15 
ee eee eee 
My 


FUNCTION: Transfers the contents of bits 8-15 of a 
general register or a one-byte field in memory to a 
one-byte field in memory. 


OPERAND 1: The receiving field, a one-byte field in 
memory. Addressing options to the base address M4 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The sending field; bits 8-15 of the general 
register specified by Ry, or a one-byte field in memory if 
indirect addressing is used. 


RESULTS: The stored byte resides at the operand 1 
location. 


EXAMPLE 


poee allie aaa 
NAME 
12345678 


OPERAND 
Wd 71:77: 24:74 2S Mh2t 2A Vd IM AY We 44 A 1% WO AH 9 a aE 42 43.44 45 Ah a7 
La a a 


STOR DATACI)., 4. 


OPERATION 
WoW 121214 16 Ib Te 


The contents of bits 8-15 of register 4 ate stored at a 
memory location identified by DATA(3). 


Store Two-Word 


STOT @M4(R1),@R9 
0 7 8 9 11612 °«13 15 


ee eee 


My 


FUNCTION: Transfers the contents of a two-word field in 
two general registers or in memory to a two-word field in 
memory. 


OPERAND 1: The receiving field; a two-word field in 
memory. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: The sending field; a two-word field in 
general registers Ro (more-significant word) and Rot+1 
(less significant). If indirect addressing is used, the 
registers contain the memory addresses of the words, in 
the same relationship as for direct addressing. (Note: If 
register 7 is specified as Ro, the field is in register 7 and 0, 
with 7 containing the more-significant word or address.) 


RESULTS: The stored value resides at the operand 1 
location. 


EXAMPLE 


A 32-bit field, the address of which is specified in register 
7, is stored in memory at a location identified by DED(2). 


SHIFT INSTRUCTIONS 


Mnemonic Name 

ARDI Arithmetic Right Double Shift — 
Immediate 

ARDR Arithmetic Right Double Shift — 

, Register 

ARSI Arithmetic Right Single Shift — 
Immediate 

ARSR Arithmetic Right Single Shift — 
Register 

LLDI Logical Left Double Shift — 
Immediate 

LLDR Logical Left Double Shift — 
Register 

LLSI Logica! Left Single Shift — 
Immediate 

LLSR Logical Left Single Shift — 
Register 

LRDI Logical Right Double Shift — 
Immediate 

LRDR Logical Right Double Shift — 
Register 

LRSI Logical Right Single Shift — 
Immediate 

LRSR Logical Right Single Shift — 
Register 

RLDI Rotating Left Double Shift — 
Immediate 

RLDR Rotating Left Double Shift — 
Register 


RLSI Rotating Left Single Shift — 


Immediate 

RLSR Rotating Left Single Shift — 
Register 

SHFK Shift Packed Decimal e 


Arithmetic Right Double Shift — Immediate 


ARDI 14,Ro 


0 7 8 9 "1 15 


FUNCTION: Performs an arithmetic right shift of a 
two-word field in two general registers. The sign (bit 0) of 
the field is extended. The shift count is a 4-bit immediate 
value. 


QPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ra and the next highest register, 
Figt+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


EXAMPLE 


OPERAND 


(355 
Shifts the data in registers 5 and 6 to the right 13 bit 
positions. The sign is extended from bits 0-13 in register 
5; data shifted out of register 6 is lost. 


Arithmetic Right Double Shift — by Register 


ARDR @Rj,Ro 


: pata 


FUNCTION: Performs an arithmetic right shift of a 
two-word field in two general registers. The sign (bit 0) of 
the field is extended. The shift count is a 4-bit field in a 
general register or in memory. 


QPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ro and the next highest register, 
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Ry+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Rg, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the right the number of positions 
specified by operand 71. The sign of the data is extended. 
Any data shifted out of the Ro+1 register is lost. 


EXAMPLE 


NAME 


12 34 5 ho? 8 
aah ene) 


Shifts the data in registers 5 and 6 to the right; register 3 
contains the address of a memory field that holds the shift 
count. The sign is extended, and data shifted out of 
register 6 is lost. 


Arithmetic Right Single Shift — Immediate 


ARSI 14,R9 


0 


FUNCTION: Performs an arithmetic right shift of a field 
in a general register. The sign (bit 0) of the field is 
extended. The shift count is a 4-bit immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Rg. The data is shifted to the right the 
number of positions specified by operand 1. The sign of 
the data is extended. Any data shifted out of the register 
is lost. 


EXAMPLE 


OPERAND 


Shifts the data in register 2 to the right 11 bit positions. 
The sign is extended from bits 0-11; any data shifted out 
of register 2 is lost. 


Arithmetic Right Single Shift — by Register 


ARSR @Rj,R9 


FUNCTION: Performs an arithmetic right shift of a 
one-word field in a general register. The sign (bit 0) of the 
field is extended. The shift count is a 4-bit field in a 
general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Ro. The data is shifted to the right the 
number of positions specified by operand 1. The sign of 
the data is extended. Any bits shifted out of the register 
are lost. 


EXAMPLE 


Shifts the data in register 4 to the right; register 5 contains 
the shift count. The sign is extended, and data shifted out 
of register 4 is lost. 


Logical Left Double Shift — Immediate 


LLDI 14,Ro 


FUNCTION: Performs a left shift (zero fill from right) of 
a two-word field in two general registers. The shift count 
is a 4-bit immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ry and the next highest register, 
Ro9+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the left the number of positions 
specified by operand 1. Any data shifted out of the Ro 
register is lost. 


EXAMPLE 


Shifts the data in registers 0 and 1 to the left 10 bit 
positions. Data shifted out of register 0 is lost. 


Logical Left Double Shift — by Register 
LLDR @Rj,Ro 


0 7 8 9 1°0¢«412~—~«CO«133 15 


— 


FUNCTION: Performs a left shift (zero fill from right) of 
a two-word field in two general registers. The shift count 
is a 4-bit field in a general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ro and the next highest register, 
Ro+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as R9, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the left the number of positions 
specified by operand 1. Any data shifted out of the Ro 
register is lost. 


EXAMPLE 


Shifts the data in registers 3 and 4 to the left; the address 
of the shift count is in register 2. Data shifted out of 
register 3 is lost. 


Logical Left Single Shift — Immediate 


LLSI  14,R9 


FUNCTION: Performs a left shift (zero fill from right) of 
a one-word field in a general register. The shift count is a 
4-bit immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Ro. The data is shifted to the left the number 
of positions specified by operand 1. Any data shifted out 
of the register is lost. 


EXAMPLE 


NAME Att OPERAND 


1? 1459 FFE 


Data shifted out of register 5 is lost. 


Logical Left Single Shift — by Register 


LLSR @R4,Ro 


0 7 8 9 11 15 


FUNCTION: Performs a left shift (zero fill from right) of 


a one-word field in a general register. The shift count is a 
4-bit field in a general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value in 
the general register specified by Ry, or in memory if 
indirect addressing is used. The shift count may range 
from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Ro. The data is shifted to the left the number 
of positions specified by operand 1. Any data shifted out 
of the register is lost. 


EXAMPLE 


OPERAND 


Shifts the data in register 7 to the left; the address of the 
shift count is in register 2. Data shifted out of register 7 is 
lost. 


Logical Right Double Shift — Immediate 


LRDI 14,R9 


0 7 8&8 9 11 16 


[ 


FUNCTION: Performs a right shift (zero fill from left) of 
a two-word field in two general registers. The shift count 
is a 4-bit immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


QPERAND 2: A two-word field in two general registers: 
the register specified by Ro and the next highest register, 
Rg+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 
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The data is shifted to the right the number of positions 
specified by operand 1. Any data shifted out of the Ro+1 
register is lost. 


EXAMPLE 


NAME OPERATION OPERAND 


19 20, 20-22 73 24 25 26 7 28 79:30 31 3733 ‘3435 36 373899 40 41 47 43.44 45 46 


alate 


Os aiostnn a itadee he, 4 


(2346 5 67 af9fso it i713 tats 6 OT 
RIL ARAN 


PDE. +5 
Shifts the data in registers 1 and 2 to the right 10 bit 


positions. Data shifted out of register 1 is lost. 


Logical Right Double Shift — by Register 


LRDR @R,,R9 
0 

| 3D 

FUNCTION: Performs a right shift (zero fill from left) of 


a two-word field in two general registers. The shift count 
is a 4-bit field in a general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ro and the next highest register, 
Ro+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the right the number of positions 
specified by operand 1. Any data shifted out of the Ro+1 
register is lost. 


EXAMPLE 


NAME OPERATION OPERANO 


WO U1 12.49 14 18 t6 Uta 19 20 24 22:23:24 25 76 27 2B 2% JO VA $2 54:34 Mh dh / IB 49 40 41 47 44 40 ay a 
AIO TOOL 87 A TAS 


12345678 


Shifts the data in registers 4 and 5 to the right. The shift 
count is at the memory address specified in register 7. 
Data shifted out of register 5 is lost. 


Logical Right Single Shift — Immediate 


LRSI = 14,R9 


0 7 8 9 11. #12 += «13 15 


| 4D . 


FUNCTION: Performs a right shift (zero fill from left) of 
a one-word field in a value. 
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OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 


specified by Ro. The data is shifted to the right the 
number of positions specified by operand 1. Any data 
shifted out of the register is lost. 


EXAMPLE 


Shifts the data in register 2 to the right 3 bit positions. 
Data shifted out of the register is lost. 


Logical Right Single Shift — by Register 


LRSR @R,,Ro 


FUNCTION: Performs a right shift (zero fill from left) of 
a one-word field in a general register. The shift count is a 
4-bit field in a general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Ry. The data is shifted to the right the 
number of positions specified by operand 1. Any data 
shifted out of the register is lost. 


EXAMPLE 


Shifts the data in register 5 to the right; the shift count is 
in register 3. Data shifted out of register 5 is lost. 


Rotating Left Double Shift — Immediate 


RLDI 14,Ro 


0 7 8 9 11 612~«~RS 15 


FUNCTION: Performs a rotating left shift of a two-word 
field in two general registers. The shift count is a 4-bit 
immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Rz and the next highest register, 
Ro+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the left the number of positions 
specified by operand 1. Each bit shifted out of the left 
end of the Ro register is brought back in the right end of 
the Rot+1 register. Bits shifted out of the lower register are 
not lost. 


EXAMPLE 


Shifts the data in registers 6 and 7 to the left 8 bit 
positions. Each bit shifted out of the left end of register 6 
is brought back in the right end of register 7. 


Rotating Left Double Shift — by Register 
RLDR @Rj,,R9 


0 


FUNCTION: Performs a rotating left shift of a two-word 
field in two general registers. The shift count is a 4-bit 
field in a general register or in memory. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry, or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A two-word field in two general registers: 
the register specified by Ro and the next highest register, 
Ro+1. The most significant bits are in the Ro register. 
(Note: If register 7 is specified as Ro, the field is in 
registers 7 and O, with the most significant bits in register 
7.) 


The data is shifted to the left the number of positions 
specified by operand 1. Each bit shifted out of the left 
end of the Ro register is brought back in the right end of 
the Ro+1 register. Bits shifted out of the register are not 
lost. 


EXAMPLE 


OPERATION 


OPERAND 


19 20 21 22.23 24 25 26 27 20 2 30 31 32 43 34 35 36 37 38 39 40 At 42 43.44 45 48 


19 1) 1213-14 15 16 V7 


a SY 


Shifts the data in registers 2 and 3 to the left; the shift 
count is at the memory location specified in register 5. 
Data shifted out the left end of register 2 is brought back 
in the right end of register 3. 


Rotating Left Single Shift — Immediate 


RLSI 14,R9 


0 7 8 98 11 15 


FUNCTION: Performs a rotating left shift of a one-word 
field in a general register. The shift count is a 4-bit 
immediate value. 


OPERAND 1: The shift count; a 4-bit unsigned value 
located in bits 8-11 of the instruction. The shift count 
miay range from 0-15. 


OPERAND 2: A one-word field located in the general 
register specified by Ro. The data is shifted to the left the 
number of bit positions specified by operand 1. Bits 
shifted out of the register are not lost; each bit shifted out 
of the left end of the register is brought back in the right 
end of the register. 


EXAMPLE 


OPERATION 
rPrEegane ‘yo 11 17 4) 14 18 16 V7 
nar 


Data shifted out the left end of the register is brought 
back in the right end; no bits are lost. 


OFERAND 


19-20. 21 22 23 24 75 26 27 28 29 30 3) 32 93 34 35 36 37 3039 40.41 42 43.44.45 46 
(pRB, 


Rotating Left Single Shift — by Register 


RLSR @Ry,Ro 


0 7 & 9 11 15 


[ 


FUNCTION: Performs a rotating left shift of a one-word 
field in a general register. The shift count is a 4-bit field in 
a general register or in memory. 


OPERAND_1: The shift count; a 4-bit unsigned value 
located in the general register specified by Ry or in 
memory if indirect addressing is used. The shift count 
may range from 0-15. 


OPERAND 2: A one-word field in the general register 
specified by Ro. The data is shifted to the left the number 
of positions specified by operand 1. Each bit shifted out 
the left end of the register is brought back in the right 
end. Bits shifted out of the register are not lost. 
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EXAMPLE 


OPERATION OQVPERAND 
10 11 12.43 ta 95 $6 Viel 19 20 21 22 23 24 25 26 27 28 79 30 3) 37 33 94 36 3837 3039 40 41 A2 439.44 45 46 


56. Way hee 
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the address specified in register 1. Data shifted out the left 
end of the register is brought back in the right end of the 
register. 


Shift Packed Decimal 


SHFK M4(L4,R4),lo(Ro) 


0 7 #8 9g 11 12 «13 15 


FUNCTION: Shifts a packed decimal field in memory a 
specified number of digits. The length of the packed 
decimal field can be defined for each SHFK instruction. 


QPERAND 1: The packed decimal field in memory. The 
length of this field (in bytes) is in L4; this value may range 
from 0-255. Addressing options to the base address M, 
include only indexing. 


OPERAND 2: The shift count is the Ig value in the 
instruction, a signed value from -128 to +127. If a register 
is specified in Ro, the contents of the register are added to 
the !5 value to form the shift count. 


A right shift is indicated in the source statement by a 
minus sign preceding the I> value. A left shift requires no 
sign preceding 19, although a plus sign may be used. The 
shift count indicates the number of digits to be shifted. 
Note, however, that the value of Ry could change the 
shift direction, because the effective shift count 
determines direction. 


RESULTS: The Condition register is affected as follows: 


e Bit O is set if any significance is shifted out in a 
left shift; otherwise bit 0 is cleared. 


e Bit 1 is set if the result is positive; otherwise bit 1 
is cleared. 


e@ Bit 2 is set if the result is negative; otherwise bit 
2 is cleared. 


e Bit 3 is set if all significance is shifted out, 


resulting in zero, or if lg = 0; otherwise bit 3 is 
cleared. 
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EXAMPLE 


errr 


OPERAND 


19 20 21 72 23 24 25 26 2? 28 79 30 31 32 33 14 39 3637 3839 ap 41 47 43 44 a5 46 
UE LEE 


TAGCI0.,2).,- 14.0... 


OPERATION i 
10 $1 12.13 14 15 16.17] 
SHFA... 


The contents of location TAG are modified by the 
contents of register 2 to identify a 90-byte packed 
decimal field, which is shifted 14 bit positions to the 
right. 


CONSIDERATIONS 


1. Validity of digits is not checked. 
2. Invalid digits are propagated. 


3. The sign is not changed unless all significance is 
right shifted out and the sign was originally 
minus. Under these circumstances the sign is 
changed to a hexadecimal C (positive). 


4. Maximum shift count is left 127 to right 128 
digits if Ra = 0; if Ro # 0, maximum shift count 
is left 32,767 to right 32,768 digits. 


FLOATING-POINT INSTRUCTIONS 


The optional floating-point instructions provide all the 
versatility required in manipulating floating-point values 
and expand the computational capacity of the processing 
unit with a minimum expansion of execution time. These 
ten instructions allow floating-point values to be 
converted, compared, transferred, and combined 
arithmetically. 


Mnemonic Name 

ADDF Add Floating Point 
CMPF Compare Floating Point 
DIVF Divide Floating Point 
FLTF Convert Fixed to Float 
INTF Convert Float to Fixed 
LODF Load Floating Point Register 
MPYF Multiply Floating Point 
NEGF Negate Float Point Register 
STOF Store Floating 

SUBF Subtract Floating Point 


The following discussion and figures explain particularities 
of floating-point usage. 


DATA FORMAT 


The floating-point number consists of a 64-bit 
fixed-length format as shown in Figure 4-1. Both the 
exponent and the fraction are signed values. 


The floating-point value is the product of its fraction, 
and base 16 raised to the power of its exponent: fraction x 
16€XP, The seven bits of the exponent allow a range of 
0-127. The exponent is expressed in “excess 64 (4044) 
notation, resulting in both a positive and negative range 
as shown below. 


exponent bits 


1234567 


excess 4046 causes 111 1 1 1 1 = +6349 or 3F46 
the sign bit of 
positive exponent 1000001 +1 
to be a one —______—} 1000000 0 
and the sign bit o141%414%141i72 «-1 
17147 108 -2 


of negative exponent Ao 
to be a zero 
0000 0 0 1 = -6349 0r 0116 
00000 0 0== -6419 


negative exponent 


range 
positive exponent -1-P-6449 or 
page “3Fig 0016 
O-—§ 6319 or 
401g 7Fi6 


The fractional portion of the floating-point number is 
always represented in positive notation (a true fraction) 
but with its true sign indicated in bit zero. The base point 
is assumed to be at the left of the highest-order hex 
digit of the fraction. 


NORMALIZATION 


A floating-point number is normalized when the highest- 
order hex digit of the fraction is not zero. Floating-point 
instructions do not normalize their operands before 
execution; therefore, to avoid loss of significance, operands 
should be normalized prior to a floating-point instruction. 
However, all floating-point instructions except Compare 
and Divide will perform correctly with unnormalized 
operands and will produce normalized results. 


0 1——________»7 
SIGN BIT OF re 
FRACTION I 
eee 66 artsy _—— 4] 


+=0 
7 BITS 
OF EX- 
PONENT 
INCLUDING 
SIGN 


ZERO REPRESENTATION 


To express a true floating-point zero, all 64 bits are zero. 
Also, a zero fraction result, generated by a floating-point 
operation, forces the exponent and the sign (bit 0) to 
zero. 


A zero participates normally in all arithmetic operations 
except a floating-point divide. Attempting to divide by a 
true zero or with a zero fraction in the divisor causes an 
arithmetic exception to be flagged in the Condition 
register, and no actual division occurs. 


ARITHMETIC EXCEPTIONS 


Conditions may occur during the execution of 
floating-point instructions which cause exceptions to 
normal completion. These arithmetic exceptions are 
flagged in the Condition register. The possible arithmetic 
exceptions and the instructions during which they may 
occur are as follows: 


Exception 


Floating Point Instruction 


Add, Subtract, Multiply, 
and Divide 


Exponent Overflow 


Add, Subtract, Multiply, 
Divide, and Load 


Exponent Underflow 


Zero Divisor Divide 


Convert Float to Fixed 


integer Overflow 


The user of floating-point instructions can detect arith- 
matic exceptions by checking the Condition register after 
execution, or by providing an arithmetic exception 
address pointer within the instruction itself. With the 
latter procedure, when an arithmetic exception occurs, 
control is passed to the exception address; the normal 
read-next-instruction address than is placed in the 
exception address general register. 


8 -——________—_—__,,-————- > 63 


RADIX (BASE) POINT FRACTION 
OF FRACTION CAPACITY 
14 HEXA- 
DECIMAL 
DIGITS 


Figure 4-1. Floating-Point Data Format 4-63 


The floating-point arithmetic exceptions are denoted by 
the setting of bit position 0 and the exception code, bit 
positions 1-3 of the Condition register. A floating-point 
Compare instruction sets bit groups 0-3 and 4-7 as shown 
in the note of Figure 1-4. The following table gives all the 
Condition register settings possible as a result of a 
floating-point instruction, except for Compare 
instructions. 


Bit Positions Set Condition Indicated 


Result is zero 


Result is less than 
zero 


Result is greater 
than zero 


Integer overflowon 
a Convert Float 
to Fixed _instruc- 
tion. 


Exponent overflow 


Exponent under- 
flow 


Zero divisor 


FLOATING-POINT REGISTER 


A floating-point register consists of four consecutive 
registers in the basic register file for each of the eight 
processor states. The register format is shown in Figure 
4-2. 


All floating-point instructions make reference to a 
floating-point register implicitly. The floating-point 
register is accessible only by micro-instructions. 


0 1q——bits_—__p7 8 q—— bits ———_pi5 


exponent 


! 2 most-significant hex digits 
next 4 hex digits 
next 4 hex digits 


4 least-significant hex digits 


Figure 4-2. Floating-Point Register Format 


4-64 


Add Floating Point 


ADDF @M,(R4),Ro 


M4 


FUNCTION: Performs an algebraic addition of a 
four-word floating point value in memory and the 
contents of the floating point register. Both operands may 
be normalized or unnormalized before the addition. 


First, the exponents of the two operands are compared; if 
they do not agree, the smaller exponent is increased by 
one each time its fraction is right shifted one hexadecimal 
digit, until the two exponents agree. Next the fractions 
are algebraically added to form an intermediate 15 
hexadecimal digit sum with a possible overflow carry. 


!f an overflow carry is used in generating the intermediate 
sum, the sum is right shifted one hexadecimal digit and 
the exponent increased by one. If the increased exponent 
is greater than +63, an exponent-overflow arithmetic 
exception occurs. 


After the intermediate sum is formed, either including the 
carry maneuver or without, it is normalized. If the 
normalizing causes an exponent less than -64, an 
exponent-underflow arithmetic exception occurs. Finally, 
the 15 hexadecimal digit intermediate sum is right shifted 
to form the 14-digit resultant fraction, without rounding. 


OPERAND 1: A four-word field in memory beginning at 
the effective word address. The effective address points to 
the most significant word of the four-word floating point 
number. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: A one-word field in the general register 
specified by Ro. This field is the arithmetic exception 
address to which contro! is transferred if arithmetic 
exception occurs. 

RESULTS: The sum resides in the floating point register 


as a normalized number. The Condition register is affected 
as follows: 


e Bit 1 is set if the normalized number - 0. 
e Bit 2 is set if the normalized number< 0. 


e Bit 3 is set if the normalized number = 0. 


e Bits O and 2 are set if exponent underflow occurs 
during normalization. The sign and fraction of - 
the resultant number are correct, but the 
exponent is too large by a value of 128. 


e Bits O and 3 are set if exponent overflow occurs 
during the sum determination. The sign and 
fraction of the resultant number are correct, but 
the exponent is too small by a value of 128. 


Floating 
Point 
Register 


Four-word | 


Field in 
Memory 


Floating 
Point 
Register 
Normalized 


Bit 1 of the Condition register is set (sum >0) 


Compare Floating Point 


CMPF @M,(R4) 


FUNCTION: Performs an algebraic comparison between 
the contents of the floating point register and a floating 
point number in a four-word field in memory. Both 
operands are assumed to be normalized. Invalid compare 
results may occur if they are not. Operands with zero 
fractions compare equal even though the signs and 
exponents may differ. 


OPERAND 1: The four-word field in memory located at 
the effective address. The effective address points to the 
most significant word of the four-word memory field. 
Addressing options to the base address My, include 
indexing, indirect addressing, or a combination of both. 


RESULTS: Neither operand is changed. The Condition 
register is affected as follows: 


e Bits 0 and 4 are cleared. 


EXAMPLE 
L2ges es? (eel 


The field identified by FLDA(1) is added to the field in 
the floating point register; results are in the floating point 
register. General register 3 contains the arithmetic 
exception address. 


31 32 


* HHH 
=.0A2Ex16+6 == .A2E0000028 x 16> 


ae 


= 028 x 1672 


e Bits 3 and 7 are set if the operands are equal. Bits 
1, 2, 5, and 6 are cleared. 


@ Bits 2 and 6 are set if the operand in memory is 
less than the contents of the floating point 
register. Bits 1, 3, 5, and 7 are cleared. 


@ Bits 1 and 5 are set if the operand in memory is 
greater than the contents of the floating point 
register. Bits 2, 3, 6, and 7 are cleared. 


EXAMPLE 


NAME 


12345678 


to the contents of the floating point register; the 
Condition register is set accordingly. 


Divide Floating Point 


DIVE @M4(R4),Ro 


0 
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FUNCTION: Divides the contents of the floating point 
register (dividend) by a four-word floating point number 
in memory (divisor) and places the quotient in the 
floating point register. The quotient is a normalized value 
and the remainder is not saved. The divisor and the 
dividend must be normalized prior to the execution of the 
DIVF instruction. 


The floating point division consists of three operations: 


1. Subtracting the divisor exponent from the 
dividend exponent and adding 64 (404) because 
of the excess 64 exponent notation. 


2. Division of the fractions with the resultant 
quotient sign, following the rules for signed 
numbers. 


3. Quotient normalization. 


An exponent-overflow arithmetic exception occurs if the 
final quotient exponent exceeds +63 and an 
exponent-underflow arithmetic exception occurs if the 
final exponent is less than -64. Also, a division-by-zero 
arithmetic exception occurs when a division with a zero 
divisor is attempted. In this case the dividend in the 
floating point register is unaltered. 


OPERAND 1: A four-word field in memory beginning at 
the effective word address. The effective address points to 
the most significant word of the four-word floating point 
number. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: A one-word field in the general register 
specified by R5. This field is the arithmetic exception 


0 


Floating 
point 
register 


Divisor 
from 
four- 
word 
field in 
memory 


Quotient 
placed 
in floating 


point 3C 80 
register 


Bit 2 of the Condition Register is set (quotient < 0) 
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1 7 8 15 16 


address to which control is transferred if arithmetic 
exception occurs. 


RESULTS: The normalized quotient resides in the 
floating point register. The Condition register is affected 
as follows: 


e Bit 1 is set if the normalized quotient;>0. 
@ Bit 2 is set if the normalized quotient<0. 


@ Bit 3 is set if the normalized quotient = 0. 


e Bits 0 and 2 are set if exponent underflow occurs 
during normalization or exponent determination. 
The sign and the fraction of the dividend are 
correct, but the exponent is too large by a value 
of 127. 


e Bits 0 and 3 are set if exponent overflow occurs 
during exponent determination. The sign and the 
fraction of the dividend are correct, but the 
exponent is too small by a value of 127. 


e Bits 0 and 3 are set if a division by zero its 
attempted. 


OPERATION 
14 80 12 17 34 US Tt 1A 1a 
y 4 


EXAMPLE 
This instruction divides the contents of the floating point 
register by the value at the address identified by 


QUAN(2). Register 1 contains the arithmetic exception 
address. 


OPERAND 


19 20 21 22:25 74 28 26 27 28 79 30.91 37 54 4 ah th a tH OM 4G 8) a? 43 4 a6 46 
AEE San Oe ene NT ey 


31 32 47 48 63 


** 


0000 


er 
0000 0000 


eee 


=+8x 1674 


0000 


* i» 
=+.3x16-/ 
we 


=+.6x 16-3 


Convert Fixed to Float 


FLTF @R, 


0 7 #8 9 11 (12 15 


FUNCTION: Converts a 16-bit signed integer value to a 
normalized floating point number and places it in the 
floating point register. 
OPERAND 1: A one-word sending field in the general 
register specified by Ry or at the address specified by the 
contents of Ry if indirect addressing is used. This field 
contains the signed integer value. 
RESULTS: The Condition register is affected as follows: 
e Bit 1 is set if the converted floating number >0. 
e Bit 2 is set if the converted floating number <0. 


e Bit 3 is set if the converted floating number = 0. 


EXAMPLE 


NAME OPERATION 
12.34 5 6 7 gf9f tom tie m6 


OPERAND 


19 20 2122 23 24 25 26 27 28 29 30 34 32-13-14 1 th 47 JA I9 40.41 47 43 44 ay Oh 
aN EL OA 


A positive fixed-point value in register 6 will be converted 
to floating point and placed in the floating point register. 


Jofojele| Positive integer 


01 7 8 63 


i} Floating 
point 

" number 
Exponent 


Positive Normalized fraction 
Sign 
EXAMPLE 


In this example, a negative number at the address in 
register 5 is converted from fixed to floating point. 


GEG = -079A Negative integer 


01 7 8 63 


Convert Float to Fixed 


INTF @R4,Ro 


[ 


FUNCTION: Converts the floating-point number in the 
floating-point register to a 16-bit fixed point signed 
integer value without rounding. Arithmetic exception 
occurs if the floating point value is too large (greater than 
+32,767). 


0 7 


OPERAND 1: A one-word receiving field in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


OPERAND 2: A one-word field in the general register 
specified by Ry. This field is the arithmetic exception 
address, to which control is transferred rather than to RNI 
if the floating point number is out of the expressable 
integer range. 


RESULTS: The fixed point integer resides at the operand 
1 location. The floating point register is unaffected. The 
Condition register is affected as follows: 


@ Bit 0 is set if the floating point number is out of 
the expressable integer-range arithmetic 
exception. 

@ Bit 1 is set if the converted integer > 0. 


®@ Bit 2 is set if the converted integer <0. 


® Bit 3 is set if the converted integer = 0. 


EXAMPLE 


OPERAND 


19 20 21 27 23 24 25 26 27 78 79 30 31 32 32 94 35 36.37 3839 40 41 47 43 44-45 46 


PS, 47 


The value in the floating point register will be converted 
to fixed point and placed in register 3. Register 7 contains 
an arithmetic exception address. 


o1 | 7 8 63 


Negative floating 
point register 


Negative sign 


two places because 
of exponent 


Converted 
integer 


number — right shifted 


Converted integer in 2's 
complement notation be- 
cause of sign bit 


General 
register 3 


4 Floating 
Negative Exponent Normalized fraction in point 
sign positive notation number 


ese 
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Load Floating Point Register 


LODF @M4(R4),Ro 


o 7 8 9 11 15 


FUNCTION: Transfers a floating point number contained 
in a four-word field in memory to the floating point 
register and normalizes it. Arithmetic exception occurs if 
exponent underflow is caused by the normalization. 


OPERAND 1: A four-word field in memory located at the 
effective word address. The effective address points to the 
most significant word of the four-word floating point 
number. The floating point number need not be 
normalized. Addressing options to the base address M, 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: A one-word field in the general register 
specified by R5. This field is the arithmetic exceptior. 
address, to which control is transferred rather than to RNI 
if exponent underflow occurs. 


RESULTS: The Condition register is affected as follows: 
e Bit 1 is set if the normalized number > 0. 
e@ Bit 2 is set if the normalized number <0. 
e Bit 3 is set if the normalized number = 0. 
e@ Bits O and 2 are set if exponent underflow occurs 
during the normalization. In this case the sign 
and fraction of the floating point number are 


correct but the exponent is too large by a value 
of 128. 


EXAMPLE 


OPERATION OPERAND 


12.34 5 6 7 ALS] 10 11 12.13 t4 18 16 tH] Ie] 19 20 21 22 23 74 25 26 2) 28 29 90 31 3233 14 35 36 37 3829 40.41 47 23 40 45 46 


a ee ce ODF oN \TEAPOIIGRS oo ws 
The four-word floating point field identified by TEMP(1) 
is loaded into the floating point register and normalized. 
Register 5 contains the arithmetic exception address. 


Multiply Floating Point 


MPYF @M4(R4),Ro 
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FUNCTION: Multiplies the contents of the floating point 
register by a four-word floating point number in memory 
(the multiplier). The fraction of the resulting product is 
normalized and is only 14 hexadecimal digits in length; 
therefore, maximum significance in the product can be 
presented by starting with two normalized operands, 
although it is not required. 


The floating point multiplication consists of three 
operations: 


1. Adding the two exponents and subtracting 64 
(4045) because of the excess 64 exponent 
notation. 


2. Multiplication of the fractions with the resultant 
product sign following the rules of signed 
numbers. 


3. Product normalization. 


An exponent-overflow arithmetic exception occurs if the 
resultant product exponent is greater than +63 and an 
exponent-underflow arithmetic exception occurs if the 
resultant exponent is less than -64. Exponent overflow 
does not occur when the intermediate exponent exceeds 
+63 if the exponent is brought into range during 
normalization. 


OPERAND 1: A four-word field in memory beginning at — 
the effective word address. The effective address points to 
the most significant word of the four-word floating point 
number. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


QPERAND 2: A one-word field in the general register 
specified by R»5. This field is the arithmetic exception 
address to which control is transferred if arithmetic 
exception occurs. 


RESULTS: The normalized product resides in the floating 
point register. A final fraction of zero generates a true 
zero product. The Condition register is affected as 
follows: 


e@ Bit 1 is set if the normalized product> 0. 

e@ Bit 2 is set if the normalized product< 0. 

e Bit 3 is set if the normalized product = 0. 

e Bits 0 and 2 are set if exponent underflow occurs 
during normalization or exponent determination. 
The sign and the fraction of the product are 


correct, but the exponent is too large by a value 
of 128. 


e Bits O and 3 are set if exponent overflow occurs 
during exponent determination. The sign and the 
fraction of the product are correct, but the 
exponent is too small by a value of 128. 


EXAMPLE 


Floating 
point 
register 


Multiplier 

from four-word 
field in 
memory 


Product 

placed 

in floating 

point register 4C BO 
normalized 


Bit 2 of the Condition register is set (product < 0). 


Negate Floating Point Register 


NEGF 


0 7 8 15 


FUNCTION: Inverts the sign bit (bit 0) of the floating 
point register. The rest of the floating point register is 
unchanged. The Condition register is not affected. This 
instruction has no operands. 


EXAMPLE 


NAME OPERATION QPERAND 


Woe ba asf in at a7 c6 aa th th Uap val ta 20, 2827-23 2425. Me 27 2H 79-30 S137 31-44 3 36 IF 38-39-40 41 42 43.4445 46 


L£G6F 


The sign bit in the Condition register is inverted; if the 
sign is minus it will become plus, and vice versa. 


Store Floating Point Register 


STOF @M,(R,) 
0 


The contents of the floating point register are multiplied 
by the field identified by HOLD; the results will be in the 
floating point register. Register 7 contains an arithmetic 
exception address. 


0000 


2680 0000 


* =4+,.2AB4x 1619 «#** = —.B0268 x 16TC 


«es =—42x 1674 


FUNCTION: Transfers the contents of the floating point 
register to a four-word field in memory. 


OPERAND 1: The four-word receiving field in memory 
located at the effective word address. The effective 
address points to the most significant word of the 
memory field. Addressing options to the base address M4 
include indexing, indirect addressing, or a combination of 
both. ; 


EXAMPLE 


AME OPEHATION OPEAAND 
Foret TP AG Ta VPARP A 21 22 2s 2A PS Ae 2d 2B 29 60 VD 42 33-34 Th Wh IY 38 IY 40 4b 42 43 a4 45 46 
eo a us n a i ctampeiscnrteeet teed 


eh tet et 


sToF . |leaecr)........... 


This instruction transfers the contents of the floating 
point register to the field identified by FLP(1). 


Subtract Floating Point 


SUBF @M4(R4),Ro 


0 
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FUNCTION: Performs an algebraic subtraction of a 
four-word floating point value in memory from the 
contents of the floating point register. Both operands 
need not be normalized before the subtraction. 


The subtract operation is performed in the same manner 
as the add except that the sign of the floating point 
number in memory (subtrahend) is inverted first. 


OPERAND 1: A four-word field in memory beginning at 
the effective word address. The effective address points to 
the most significant word of the four-word floating point 
number. Addressing options to the base address My 
include indexing, indirect addressing, or a combination of 
both. 


OPERAND 2: A one-word field in the general register 
specified by Ry. This field is the arithmetic exception 


0 1 
Floating 
Point 46 
Register 
Subtrahend 3E 


Difference in 
Floating 
Point 


A2 


Bit 1 of the Condition register is set (difference >0). 


SYSTEM INSTRUCTIONS 


System instructions are specialized instructions used to 
interpret and alter the defined operating system. These 
instructions are divided into two major groups, Control 
and 1/0. For the system instructions, a distinction is also 
made between privileged and restricted instructions. 
Privileged instructions can be executed by a processor 
only if the bit in the Privileged Mode register associated 
with that processor is set. Restricted instructions can only 
be executed by one of the dedicated processors 0-4, that 
is, they are restricted to one of these processors. The 
Control instructions include privileged and restricted 
instructions; the !/O instructions are all restricted. 


NOTE 


In the discussion of System instructions, the term 
“hardware” implies a combination of the hardware 
logic components and the microprograms. It is the 
conjunctive action of both of these elements that 
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7 8 15 16 


address to which control is transferred if arithmetic 
exception occurs. 


RESULTS: The difference resides in the floating point 
register as a normalized number. The Conciition register is 
affected the same as for the ADDF .and the same 
arithmetic exceptions are possible. 


EXAMPLE 


SD 
OPERATION 
Wot) i e418 06 1h a 


The field identified by FLDA(2) is subtracted from the 
contents of the floating point register; the results will be 
in the floating point register. Register 6 contains an 
arithmetic exception address. 


OPERAND 


MEME LAP CAAT Mh 21TH 2410303233: 36 37 8-19 40.41 47 43.44 45 46 
me See Oe 


ADACA) RE 6s 


31 32 47 48 63 


0000 itil 


* =—,0A2Ex 168 4402 —A2DFEFFFF x 16°° 
+* = —,028 x 1672 


determines the manner in which a_ given 
processing-unit instruction will be executed. 


_ EXTENDED FILE REGISTER 


The system instructions manipulate and use the Extended 
Register file. Figure 4-3 shows the breakdown of the 
Extended file. The Function (F) and Py registers are 
under internal control. Processor state 4 can have access 
to any register in both the Basic and the Extended 
Register files — with the exception of the I/O registers, 
which are reserved solely for the associated I/O processor 
states. 


The 1/O register exist only for processor states 0 through 
3; and then, only those actually needed are present. A 
description of the !/O registers associated with each 1/O 
processor state is found in the appropriate 1/O instruction 
description in this section. 


The Common Block registers may be addressed by any 
processor state, although some of them only if the 


addressing state is in the ‘‘privileged’’ mode. Moreover, 
some registers are for the read-only mode: Real-Time 
Clock and Parity Error are examples. 


Table 4-1 gives a brief description of the Extended file 
registers. It is followed by an in-depth discussion of the 
Common Block register functions and usages. 


00 F 
ei = a GROUP! 
02 BUSY/ACTIVE 
03 REAL-TIME CLOCK 
04 TIE-BREAKER 
05 PARITY ERROR 
06 CONTROL 
07 PRIVILEGED MODE 
ee 08 BOUNDARY CROSSING 
EXTENDED 09 CONTROL STORAGE SCAN GROUP II 
0A ADDRESS (COMMON BLOCK) 
OB DATA 
oc 
UNASSIGNED 
OF 
10 
1/0 REGISTERS 
1F 


Figure 4-3, Extended Register File 


Table 4-1, Extended Riegister File 
Basic File 


Register Mnemonic | 
Number Title | 


Name and Function 


Function Register -- contains the base instruction word (first two bytes) of 
the instruction being executed by the associated processor state. 


Micro Address Register — cantains the control storage address of the first 
micro-instruction (ul) to be executed during the next major cycle assigned 
to the associated processor state. It also records certain conditions resulting 
from the execution of pls. 


These ‘’common block” registers are not specifically associated with a single processor state. As 
a result, they may be addressed by any state. 


Busy/Active Register — indicates which processor states need a major cycle 
(Busy), and which are currently assigned a task to perform (Active). 


Real-Time Clock — counts up to 107.4 seconds for interval timing. Its count 
is triggered every 1.6384 milliseconds by a 60-Hz (nominal) oscillator. Pro- 
grams can periodically read (but not write into) this register to measure 
intervals of time. 


Certain operations, such as !/O transfers, require a definite amount of time 
to complete. {f they are not complete within that time, chances are that a 
malfunction occurred. The RTC can be used to “time” such operations. 
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Table 4-1. (Continued) 


Name and Function 


Tie Breaker Register — ensures that one program will not refer to a table 
that is-simultaneously being updated by another program — provided that 
both programs utilize the Tie-Breaker register. It is set by software in- 
dicating when certain data tables, each represented by a bit position in the 
register, are being addressed. 


Parity-Error Register — holds the last main storage address in which a parity 
error occurred. It is updated by the hardware and is usually addressed by 
the Executive processor state for error logging. 


Control Register (dual function) — the lower eight bits indicate whether the 
respective processor state may be allowed to take consecutive major cycles, 
other conditions permitting. The upper eight bits indicate one of three 
levels of priority for each of the four I/O processor states (2 bits each). The 
register is set by software. 


Privileged-Mode Register — indicates whether each processor state is em- 
powered to operate in the “privileged mode’’. It contains a bit position 
representing each processor state. 


The privileged mode allows a state to execute certain instructions which, if 
executed indiscriminately, might cause hang-ups, invalid data, or other errors. 


Boundary Crossing Register — records those instances in which, under certain 
conditions, the Executive processor state may read or write the registers of 
another state. The BC register holds the address of the register, along with 
the register set and the number of the processor state to be addressed. 


Control Storage Scan — checks the longitudinal parity of 256-word ‘‘pages”’ 
in the CS. An exclusive OR performed on the contents of a CS page 
should yield all 1’s in the register. Any attempt by software to write into 
this register will clear it. 


CONSOLE Address-Related Console Register — provides entry and display of register, 
ADDRESS MS or CS addresses, in conjunction with the row of 16 illuminated Address 
pushbuttons on the System Control Panel. 


CONSOLE Data-Related Console Register — provides entry and display of data to or 
DATA from the entity addressed by means of the Address pushbuttons, in con- 
junction with the row of 16 Data pushbuttons on the System Control 

Panel. In addition, a rotary switch on the panel allows the display (but 
not entry) of data stored in certain nonaddressable registers. 


Unassigned 


NOTE Busy-Active Register (B/A) 


The bit assignments for the Busy/Active register are 


The following four registers in the Common Block 
shown below. 


group of the Extended Regilster file are ‘“‘limited 
access” registers. This means that although they 0 - ‘e 
may be read by any processor state, they can be 

written into only by a privileged processor state, or o_o 8 282 Bt 
by the Executive processor state. Specific write BUSY ACTIVE 
instructions for each register are given in the 


separate discussions. PROCESSOR STATE 
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When the Busy bit is 1, it indicates to the hardware 
(RAN) that a given processor state needs a major cycle. 
The ‘‘request”’ that sets Busy may come from the program 
or from one of the switches on the System Control Panel. 
(The use of these switches is discussed in Section 5.) 
Moreover, if one of the four 1!/O processor states is 
involved, its Busy bit may also be set by a request from an 
1/O device. 


The following instructions are available to the 
programmer to set or clear bit positions in the B/A 
register via the ALU inputs. Contro/ /nstructions has 
complete descriptions of the instructions listed, and of the 
meanings of the terms, ‘privileged’ and ‘‘restricted”’. 


SR Service Request: Turns on both the 
Busy and Active bits for the Exec; turns 
off both the Busy and Active bits for 
the requesting processor state. 


SBA Set Busy/Active Register: The processor 
state executing this instruction must be 
privileged. Turns on the B or A bit, or 
both, for the designated processor state. 


RBA _ Reset (clear) Busy/Active Register: The 
processor state executing this instruction 
must be privileged. Turns off the B or A 
bit, or both, for the designated proc- 
essor state. 


WRX _ = Write Extended Register: The processor 
"state executing this instruction must be 
privileged. This instruction affects all 
16 bits of the register. It must be used 
with an appropriate mask to set (or 
clear) the desired B/A bit positions 
without affecting the bits that are to 

remain unchanged. 


WAR Write Any Register: This instruction is 


restricted to the Executive (processor 


state 4). In other respects, its influence 
on the B/A register is identical to that 
of WRX. 


The Active bit is used for several purposes; these can be 
segregated by processor states. The uses of Active for 
these four groups is discussed in order of increasing 
complexity. 


States 5, 6, 7 


When Busy and Active are set for these states, continuous 
operation ensues. The program associated with each state 


should be executed as rapidly as possible, within the 
constrainst of Resource Allocation Network (RAN) 
sequencing, so Busy will remain set for these states. 


Active for these states is not set during the Trace mode, 
used for trouble-shooting or debugging a program. In this 
mode it is desired to have the processor state operate one 
major cycle or one instruction at a time, rather than 
operating continuously. 


States 2, 3 


The Active bit for these states serves as an ‘‘envelope of 
protection’ against the setting of Busy when such setting 
(and clearing) must be under the exclusive control of the 
processor state itself. Such a situation exists when doing a 
data transfer, or when searching for a given record on a 
disc or magnetic tape. During a Read data transfer, for 
example, Busy is continually set and cleared. It is set 
when data from the connected 1/O device is available; it is 
cleared when that data has been transferred, examined, 
and stored. 


For non-buffered devices, this on-off sequencing of Busy 
is determined solely by the speed of the peripheral unit. 
For the relatively long periods when Busy is off during 
such a transfer, some outside influence such as the Exec 
or an Attention from another unit could — except for the 
Active envelope — cause the !/O processor state to react 
as if its Busy FF had been set because of the availability 
of data from the connected equipment when, in fact, it 
hadn't. The resulting ‘data’ transferred would of course 
be invalid. 


When the STOP-STEP switch on the System Control 
Panel is activated, no 1/O transfers can be executed. This 
switch is primarily a diagnostic tool. Its ramifications with 
respect to 1/O requests are considered in a separate manual. 


States 0, 4 


To the Communications (state 0) or Executive (state 4) 
processor, a set Active bit indicates that there is a job 
waiting to be executed that is different from the task in 
which it is currently engaged. When these states receive a 
major cycle, the first thing they do is clear the Active bit. 
At the conclusion of the current task, then, if Active is set 
it had to be because a new request was initiated while the 
processor was still performing the current assignment. 


CONTROL REGISTER (C) 


The Control register performs two functions: 


1. It permits an I/O processor (states 0-3) to 
override the normal RAN sequencing — that is, 
to obtain priority for the next major cycle. 
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2. It permits any of the eight processors to 
obtain corisecutive major cycles as long as 
no other processor state is also waiting for 
that “second” cycle (bits 8-15). 


Bit positions in the Control register may be set or cleared 
individually by the privileged SCN (set control) or RCN 
(reset control) instructions. The WAR or WRX instruc- 
tions may also be used, but as with the B/A register, 
these instructions require a mask to preserve the integrity 
of the unchanged bits. 


The bit assignments for the C-register are shown below. 


STATE 
NUMBER 


Enable Invoke Consecutive-Cycle 
Priority Priority Enable 
(E) (1) 


RAN Concept 


The resource allocation network (RAN) ensures that each 
processor state receives its fair share of time with the 
shared resources. The scanning period of the network is 
based upon the cycle time of main storage (1.8 
microseconds); under normal conditions, then, each state 
will use the shared resources once every 14.4 
microseconds (1.8 microseconds x 8 states). 


But normal conditions do not always prevail. A given 
high-performance disc, for example, may _ require 
exchanging a data word with its processor state every 2.5 
microseconds. Under these requirements, an obvious need 
is for some scheme whereby the disc (or any other 
peripheral device, for that matter) can “‘override’’ the 
normal RAN sequence. 


Any allocation scheme, to be the least bothersome to the 
user, should consider of highest priority those devices 
for which the recovery of lost data would demand some 
operator intervention — retyping the input data on a 
keyboard terminal, for example, or reloading a card 
deck. Of lower priority would be those devices from which 
the computer could recover the data automatically — 
rereading (or rewriting) a disc track or magnetic tape, 
etc. Finally, of lowest priority would be the non-!/O 
operations — arithmetic, comparing, shifting, etc. How 
these various considerations are effected is the subject of 
the following discussion. 


The RAN essentially examines the Busy bits in the Busy/ 
Active register to see which processor states require access 
to the shared resources, and then determines which state 
shall be given the next time slice. 
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RAN Normal Sequence Concept 


Scanning is performed in numerical sequence, with 
highest preference given to processor state 0, lowest to 
state 7. In this manner, the processor states with the 
highest degree of ‘operator intervention’’, as described 
above, are serviced first. To prevent the lower-numbered 
processor states from monopolizing the shared resources, 
however, the RAN incorporates logic that prevents a 
lower-numbered state from receiving a second time slice 
if higher-numbered states are still waiting. Thus, if 0, 4, 
and 5 were waiting, state 0 would get the first slice, but 
could not receive another until both 4 and 5 had had their 
turn. In this manner, the shared resources are utilized 
most equitably. 


RAN Override (Priority) Concept 


Suppose, now, that while processor state 0 were waiting 
for 4 and 5 to be serviced so that it could receive another 
time slice, it received indications that it could not wait for 
normal sequencing. Under these conditions, an override 
situation is needed, to negate the normal RAN sequence, 
permitting state 0 to receive the third time slice at the 
expense of any higher-numbered states (in this case, 5, 
since 4 would have taken the second time slice). 


Override, or priority, can be enabled by the control 
program at the start of each I/O data transfer. (There are 
no such priority provisions for the four non-I/O processor 
states.) The Control Word that precedes each I/O trans- 
fer can specify one of three priority levels: 


e Enable Priority This level allows an 1/O 
(processor's E- processor state to secure an 
bit = 1) out-of-sequence time slice, 

provided that no 
lower-numbered processor 
state is also in a priority 
condition.” 


*Priority Condition means that a state will receive an out-of- 
sequence time slice as a result of one of these conditions: 


e = E-bit position set AND being in danger of losing 
data, 


e | bit position set. 


This differs from Priority Mode, which simply refers to having 
either E or | set, without implying consequent override of the 
RAN, That is, Condition is a dynamic situation, while Mode is a 
Statis situation. Moreover, a Priority Condition is not examined 
to see which of the bit positions is set. Therefore, if state O had E 
set and state 1 had / set, state 0 would receive the next available 
time slice. 


e Invoke Priority This level allows an 1/O 
(processor’s I- processor state to secure 
bit = 1) alternate time slices, 

provided that no 
lower-numbered processor 
state is also in a priority 
condition. 


This level negates the Enable 
or Invoke levels. 


e Revoke Priority 
(processor’s E- 
and I-bits 
both = 0) 


Consecutive Cycles 


The action of bits 8-15 of the C-register in permitting 
consecutive cycles was mentioned in Section 1. The mode 
is useful when only one of the general-purpose processors 
is actively engaged in a user’s problem program, and 
during periods when that program does not call for I/O 
activity. Then, in the relatively long gaps between the 
times when the real-time clock input from the 60-Hz 
oscillator turns on the Exec processor for system 
monitoring, the active G-P state may obtain consecutive 
major cycles. 


This illustration sets forth just one -— albeit perhaps the 
most frequently used — application of the consecutive- 
cycle mode. 


PRIVILEGED MODE REGISTER (PM) 


The Privileged Mode register contains one bit for each of 
the eight processor states. When set, that bit position 
permits the associated processor to execute any of the 
privileged Contro/ instructions described in Section 4. 


One of these privileged instructions is Set/Reset Privileged 
Mode Register (SPM/RPM); this means that a processor 
state cannot use this instruction to set itself to the 
privileged mode. The Exec, however, may set itself 
privileged by using the restricted Write Any Register 
(WAR) instruction (with a suitable mask). It can then set 
any other processor to the privileged mode, as the need 
arises, by using SPM. 


The bit assignments for the PM-register are shown below. 


UNUSED 8 15 


PROCESSOR STATE 


BOUNDARY CROSSING REGISTER (BC) 


The BC-Register is used whenever software directs the 
Exec to write or read the register of another state. 


Exception: Group II! registers in the extended file cannot 
be reached via this register. 


The format of the register is identical to that of the 
second word in the restricted Write/Read Any Register 
WAR/RAR instruction: 


7 8 10 11 15 


STATE REGISTER NO. 


O = Basic register file set 
1 = Extended Register file set 


Execution of a properly formated WAR/RAAR instruction 
automatically writes the specified state set, and register 
number into BC. 


Because BC is an extended register, it may also be written 
into by a privileged processor state executing the Write 
Extended Register WRX instruction (with O8 as the 
clestination register). However, the exercise would be 
futile if the intent was to read or write the register 
specified by the newly entered contents of BC, because 
only the Exec may cross processor-state boundaries. 


REGISTER OPTION 


General 


The Register Option (RO) encompasses registers added to 
the processing unit hardware to implement the following 
features: 


e Basic Storage Protection (Bounds) 


e Job Accounting 


NOTE 


The reading and writing of RO registers is presently 
limited to the RRO/AWRO machine-language 
instruction. This control instruction is privileged; in 
practice this means that its execution is limited to 
system programs. Later releases may _ include 
instructions that read or write certain of these 
registers in a non-privileged mode. Until such time, 
however, an attempt to execute RRO/WRO by a 
non-system program will result in an /nvalid 
Instruction indication in the Condition register of 
the processor state attempting the execution. 
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The address structure of the register groups devoted to 
each of the RO features is shown in Figure 4-4. The 
method of coding hexadecimal address for RO registers 
uses the format prescribed by the second word of the 
RRO/WARO control instruction. 


BASIC ie 
STORAGE 
PROTECT] i ACCOUNTING 7 
FEATURE FEATURE 
JOB ACCOUNTING 
REGISTERS 
WORDO WORD 1 
*BOUNDARY oo6o | 0601 
jamella 0620 | 0621 
5 O5A0 
6 050 
7 O5E0 
wee ee” 
116-BIT 
REGISTER FOR ey ice 
EACH OF THE O6EO | O6E1 
INDICATED ream yr 
PROCESSORS ee 
(3 TOTAL) 1 32-BIT 
REGISTER FOR 
EACH PROCESSOR 
(8 TOTAL) 
00 07 08 15 


| UPPER BOUNDARY | LOWER BOUNDARY 


NO BOUNDARY PROTECTION WHEN 
REGISTER CONTAINS FF001g 


Figure 4-4, Register Option Address Structure 


It should be pointed out that when a register set (or group) 
contains but one register, or when there is only one 
register within a group that relates to a given processor 
state (Bounds), that register number is always 0. The 
“register 0 only” selection applies to groups 3, 4, 5, and 
to groups 8 through F. An attempt to gain access to a 
non-existing RO feature will result in the following action: 


on read — all O’s will be entered into the 
“destination” (Operand 1) file register or memory 
location. 


on write — no operation 
No flag will be set to indicate the addressing error. 


Specific bit configurations for the registers are described 
under the feature headings that follow. 


Basic Storage Protect 


This feature checks storage bounds on write (but not on 
read) operations in main storage for general-purpose 
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processors 5, 6, and 7. As shown in Figure 4-4, the 16-bit 
Bounds register for each of the three states provides an 
8-bit ‘‘page’’ address (maximum page number, 255) for 
both upper and lower bounds. (Each page comprises 256 
contiguous byte addresses.) 


Protection is enforced except for the case where the 
Bounds Register contents are FFOO, hexadecimal. 


Job Accounting 


The 32-bit Job Accounting Registers keep track of the 
number of major cycles (time slices) that the Resource 
Allocation Network has granted to each of the eight 
processor states. These registers are read only. Any 
attempt to write into one of these registers will clear it. 


Two Read Register Option (RRO) instructions are required 
to read both addresses (word O, word 1) of a given 
processor state’s Job Accounting register. 


CONTROL INSTRUCTIONS* 


Mnemonic Name 
CTB Clear Tie-Breaker Register (p) 
TST Test and Set Tie-Breaker Register (p) 
BCM Branch to Control Memory (p) 
RAR Read Any Register (r) 
WAR Write Any Register (r) 
RRO Read Register Option (p) 
WRO ~ Write Register Option (p) 
SAR Save All Registers (r) 
RSAR Restore All Registers (r) 
SBA Set Busy-Active Register (p) 
RBA Reset Busy-Active Register (p) 
SCN Set Control Register (p) 
RCN Reset Control Register (p) 
SPM Set Privileged Mode Register (p) 
RPM Reset Privileged Mode Register (p) 
WRX Write Extended Register (p)** 


Clear Tie-Breaker Register 
CTB |y 


FUNCTION: A privileged instruction that resets a single 
bit in the Tie-Breaker register. 


OPERAND 1: A 4-bit unsigned value in bits 8-11 of the 
instruction. This value specifies the position of the bit to 
be reset in the Tie-Breaker register. 


EXAMPLE 


OPERATION 
WM it Va a th dad 


NAME OPERAND 


14 2 2122-24 24 Ph 76 21 IR -29-40 BY 37-33 34 4h 3637 3839 40 AT 47 43:44 45 46 


es 4 Ab tt 
arnt seen a narnia teste 


CN a ee BO a ee 


NOTE 
The CTB instruction is classified as a privileged 
instruction, but becomes a_ general-purpose 
instruction (privileged mode bit need not be set) 
when the bit named in the operand is bit 15 of the 
Tie-Breaker register. 


*p = privileged, r = restricted 
**Read Extended Register is a General-Purpose Control 
instruction. 


Test and Set Tie-Breaker Register 


TST 1, 


0 7 #8 17 (12 15 


FUNCTION: A privileged instruction that tests and sets a 
single bit in the Tie-Breaker register in order to resolve 
synchronization problems resulting from parallel 
processor execution. If the designated bit is clear, it will 
be set and the Program Address register will be advanced 
six bytes. If the designated bit is set, it will remain 
unchanged and the program will fall through to the next 
instruction (the Program Address register will be advanced 
by two bytes). A TST instruction would generally be 
followed by a four-byte branch instruction. 


OPERAND 1: A 4-bit value in bit positions 8-11 of the 


instruction. This value specifies the bit position in the 
Tie-Breaker register which is to be tested and set. 


OPERATION 
to 197 (114 18 


TST 


EXAMPLE: 


WAME OPERAND 


aaa er aly 19-20 24-22-28 24 Ph, 2H 27 24 29-30. 31 32.33 14 Jb 36-37 3839 40 41 42 43.44 45 46 


Tests bit number 14 in the Tie-Breaker register. If this bit 
is off, it is turned on and the address in the Program 
Address register is increased by six bytes. If the tested bit 
is on, the bit is not changed and the next instruction is 
read. 


NOTE 
The TST instruction is classified as a privileged 
instruction, but becomes a_ general-purpose 
instruction (privileged mode bit need not be set) 
when the bit named in the operand is bit 15 of the 
Tie-Breaker register. 


Branch to Control Memory 


0 7 
FUNCTION: A privileged instruction that transfers 


control to the control memory address contained in a 
general register. 


OPERAND 1: The control memory address located in the 
general register specified by Rj. 


OPERAND 2: A 3-bit value in bit positions 13-15 of the 
instruction. This operand is optional; when used it 
transfers information to the control memory routine to 
which control is transferred. 


EXAMPLE 


NAME 


17445 67 8! 


5. Information contained in register 6 (parameters, etc.) is 
transferred to the control memory routine. 


Read Any Register 


RAR 14(Ry),@Ro 
0 7 8 9 1 120«13 16 
FE fy Rr fi} Re 
I 


FUNCTION: A restricted instruction that allows the 
Executive processor (4) to read the contents of any file 
register for any of the eight processor states, with the 
exception of the Group III extended (I/O) registers for 


_ States 0 through 3. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is a 0 for this instruction; this 
bit distinguishes between RAR and WAR. 


OPERAND 1: The address of the file register to be read is 
specified by the I, value (bits 16-31 of the instruction). 
The 14 value may optionally be modified by the contents 
of the Rj register, thus the effective register address = |4 
+ (R}4). 
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OPERAND 2: A one-word receiving field in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


The format of the I9 portion of the instruction is as 
follows: 


31 


PROC ~ REGISTER 
NO. NO. 


16 


Bit 23 indicates the register-file set: 


0 = Basic Register 
1 = Extended Register 
Bits 24-26 indicate a processor state, 0-7. 


Bits 27-31 indicate a register number in the ranges shown 
below: 


Basic Registers — 00-1F 


Extended Registers — 00-0F 
Bits 16-22 are ignored by the hardware, but should be 
zeros. 


EXAMPLE 


WAME 
12345678 


Reads a register in the register file addressed by TAG(3), 
and stores the contents of the register in the memory 
location specified in register 6. 


Write Any Register 


WAR = 14(R4),@Rg 


0 7 & 9 1 120~«13 16 


FE R, 


FUNCTION: A restricted instruction that allows the 
Executive processor (4) to write into any file register for 
any of the eight processor states, with the exception of 
the Group It extended (I/O) registers for states 0 through 
3. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is a 1 for this instruction; this 


bit distinguishes between RAR and WAR. 


OPERAND 1: The address of the file register into which 
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the data is to be written is specified by the I value (bits 
16-31 of the instruction). The 14 value may optionally be 
modified by the contents of the Ry register, thus the 
effective register address = 14 + (Ry). 


OPERAND 2: A one-word sending field in the general 
register specified by Rg, or in memory if indirect 
addressing is used. 


The format of the Ig portion of the instruction is as 
follows: 


26 27 31 


REGISTER 
NO. 


16 22 23 24 


Bit 23 indicates the register-file set: 


0 = Basic Register 
1 = Extended Register 


Bits 24-26 indicate a processor state, 0-7. 


Bits 27-31 indicate a register number in the ranges shown 
below: 


Basic Registers — 00-1F 
Extended Registers — 00-0F 


Bits 16-22 are ignored by the hardware, but should be 
zeros. 


EXAMPLE 


address in register 5 are written in the register with the 
register address specified by RFLD(6). 


WAME OPERAND 


t2aegnra (9 26 24 2223 74 75 26 27 28 29 30 31 32 13 4 38 36 37 3839 40 41 42 4244 05 46 


Ce OO a a a 


Read Register-Option Register 


RRO 14(R4),@Ro 


z 


ly 


FUNCTION: A privileged instruction that reads the 
contents of a two-byte field from a register-option (RO) 
register and transfers the contents to a general register or a 
memory location. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is 0 for this instruction; this 
bit distinguishes between RRO and WRO. 


OPERAND 1: The address of the register-option register 
to be read is specified by 1; (bits 16-31 of the 
instruction). The ly value may optionally be modified by 
the contents of the Ry register, thus the effective register 
address = 14 + (Ry). 


OPERAND 2: A one-word receiving field in the general 
register specified by Ry, or in memory if indirect 


addressing is used. 


The format of the 1, portion of the instruction is as 
follows: 


REGISTER 


NO. 


Bits 20-23 specify the RO group, as follows: 


Hex 

Value Meaning Structure 

0 Segment Tag 32 4-bit registers for 
each proc. 

1 Protection Matrix 2 16-bit registers for 
each proc. 

2 Segment Relocation 16 24-bit registers 

Table 

3 Address Mode 1 16-bit register 

4 Parity Error Tag 1 16-bit register 

5 Bounds 3 16-bit regs. (procs. 
5, 6, 7) 

6 Job Accounting 2 16-bit registers for 
each proc. 

7 Not used 

8/9 Main Storage Data } 

A/B Error Log 1 16-bit 
register 

C/D Generated Check in each 

Bits weer 


E/F Read Check Bits 


Bits 24-26 specify a processor state, 0-7. 


Bits 27-31 specify a register number as defined below: 


16 19 20 


Reg. No. 


Group or Range Remarks 
0 O—1F 32 registers/processor 
1,2,6 0-1 Reg. O=word, Reg. 1=word 1 


3,4,5,8 —F 0 One register per group 


See the Register Option discussion in Section 1, General 
Description, for additional information on the 
register-option registers. 


Write Register-Option Register 


WRO 14(R4),@R2 


0 7 #8 9 11 12 #13 18 


FUNCTION: A privileged instruction that writes the 
contents of a one-word field, located in a general register 
or in memory, into a specified register-option (RO) 
register. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is a 1 for this instruction; this 
bit distinguishes between RRO and WRO. 


OPERAND 1: The address of the register-option register 
into which the data is to be written is specified by the I5 
value (bits 16-31 of the instruction). The lo value may be 
optionally modified by the contents of the Rj register, 
thus the effective register address = Im + (Ro). 


OPERAND 2: A one-word sending field in the general 
register specified by Ry, or in memory if indirect 
addressing is used. 


The format of the ig portion of the instruction is as 
follows: 


Bits 20-23 specify the RO group: 


Bits 24-26 specify a processor state, 0-7. 


Bits 27-31 specify a register number as defined : 
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31 


See the Register Option discussion in Section 1, General 
Description, for additional information on register-option 
registers. 


Save All Registers 


SAR M4(R4),10 or M4(R4),@Ro 


0 


FF 


FUNCTION: A restricted instruction that stores in 
memory the contents of all general registers, the 
Condition register, and the Program Address register for 
the processor specified. This instruction may be executed 
only by the Executive processor state. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is 0 for this instruction; this 
bit distinguishes between SAR and RSAR. 


OPERAND 1: The starting address of the save area in 
memory where the register contents are to be stored. 
Addressing options to the base address Mj include only 
indexing. 


OPERAND 2: The processor number as specified by I5, or 
contained in the general register specified by Ro if bit 12 
(i) is on. Bit 12 does not indicate indirect addressing for 
this instruction. if bit 12 is on, the value in bits 13-15 is 
considered a register number containing the processor 
number. If bit 12 is off, the value in bits 13-15 is 
considered to be an immediate value which is the 
processor number. 


EXAMPLE 


Loads a save area beginning at SAVE(3) into the general, 
Condition, and Program Address registers of Processor 5. 
Restore All Registers 


RSAR M4{(Rq),l2 or Mq(R4),@Rz 


0 


FUNCTION: A restricted instruction that loads the 
contents of a save area in memory into the general 
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registers, Condition register, and the Program Address 
register of the processor specified. After the registers have 
been loaded, the Microprogram Address register of the 
specified processor will be cleared to facilitate resumption 
of execution with the next sequential instruction. This 
instruction may be executed only by the Executive 
processor state. 


Extended Function Code: Bit 8 serves as an extension to 
the basic function code and is 1 for this instruction; this 
bit distinguishes between SAR and RSAR. 


OPERAND 1: The starting address of the save area in 
memory from which the registers are loaded. Addressing 
options to the base address M include only indexing. 


OPERAND 2: The processor number as specified by I or 
contained in the general register specified by Ro if bit 12 
(i) is on. Bit 12 does not indicate indirect addressing for 
this instruction. If bit 12 is on, the value in bits 13-15 is 


.considered a register number containing the processor 


number. If bit 12 is off, the value in bits 13-15 is con- 
sidered to be an immediate value which is the processor 
number. 


EXAMPLE 


i eee 
NAME OPERATION 
1? t4 4 be HK tO U1 1207 ta th th FF 


OPERAND 


14-20 21-22-23: 24-2526 2) 28 29 3031 37 14 MA 35 36 37 3839 40 41 AZ 4344 45 48 


SAR 


Loads Program Address register, Condition register, and 
general registers for Processor 1 with information taken 
from a save area identified by SAVE(2). The 16-bit field 
at SAVE(2) is loaded into register 0, the second into 
register 1, and so on until words 9 and 10 are loaded into 
the Condition and Program Address registers, respectively. 


Set Busy/Active Register 


SBA I4,15 or @R4l5 


0 7 12. 13 15 
f 


8 9 11 
ee 


FUNCTION: A privileged instruction that sets a busy 
and/or active bit in the Busy/Active register for the 
processor designated by 14 or Ry. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
bit distinguishes between SBA and RBA. 


OPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by Ry. Direct addressing indicates that 
the processor number is the 17 value in the instruction. 


OPERAND 2: A 2-bit designator in bits 14 and 15 used to 
specify the bit or bits to be set. 


e Bit 15=1 means set Busy bit. 
e Bit 14=1 means set Active bit. 


e Bits 14 and 15=1 means set both bits. 
EXAMPLE 


specified as operand 2, the Active bit for Processor 3 
would be turned on; if a 3 had been specified, both the 
Busy and Active bits would be turned on.) 


Reset Busy/Active Register 
RBA Iy,I9 or @R4I5 


0 9 11 1 


7 8 2 13 15 
Te OC es 


FUNCTION: A privileged instruction that resets the busy: 
and/or active bit in the Busy/Active register for the 
processor designated by 1; or R4. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for this instruction; this 
bit distinguishes between SBA and RBA. 


OPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by Ry. Direct addressing indicates that 
the processor number is the 14 value in the instruction. 


OPERAND 2: A 2-bit designator in bits 14 and 15 used to 
specify the bit or bits to be reset. 


e Bit 15=1 means reset Busy bit. 
e@ Bit 14=1 means reset Active bit. 


e Bits 14=1 and 15=1 means reset both bits. 
EXAMPLE 


been specified as operand 2, the Active bit for Processor 3 
would be turned off; if a 3 had been specified, both the 
Active and Busy bits for Processor 3 would be cleared.) 


Set Control Register 


SCN 1t4,lg or @Ry,I9 


0 7 11 


9 12 13 15 
OS 


FUNCTION: A privileged instruction that sets specified 
bits in the Control register for the processor designated by 
I, or Ry. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
bit distinguishes between SCN and RCN. 


OPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by Ry. Direct addressing indicates that 
the processor number is the 14 value in the instruction. 


OPERAND 2: A 3-bit designator in bits 13-15 used to 
specify the bits to set. 


e Bit 13=1 means set Enable Priority bit. 


@ Bit 14=1 means set Invoke Priority bit. 


e Bit 15=1 means set Consecutive Cycle bit. 


EXAMPLE 


Turns on the Consecutive Cycle bit for Processor 2. (A 2 
in operand 2 would turn on the Invoke Priority bit; a 4 
would turn on the Enable Priority bit.) 


Reset Control Register 
RCN Iq.19 or @R;,l9 


o 7 8 9 11612 ~«13 15. 
ee OT 
FUNCTION: A privileged instruction that resets specified 


bits in the Control register for the processor designated by 
14 or Ry. 

Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for this instruction; this 
bit distinguishes between SCN and RCN. 

OPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by Ry. Direct addressing indicates that 


the processor number is the |; value in the instruction. 


OPERAND 2: A 3-bit designator in bits 13-15 used to 
specify the bits to reset. 


e Bit 13=1 means reset Enable Priority bit. 
e Bit 14=1 means reset Invoke Priority bit. 
e Bit 15=1 means reset Consecutive Cycle bit. 
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EXAMPLE 


(A 2 in operand 2 turns off the Invoke Priority bit; a 4 
turns off the Enalie Priority bit.) 


Set Privileged Mode Register 
SPM 14,I9 or @Ry,I9 


i] 7 8 9 11,«12—~«O«13 18 


FUNCTION: A privileged instruction that sets the bit in 
the Privileged Mode register associated with the processor 
specified by 14 or Ry. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is O for this instruction; this 
bit distinguishes between SPM and RPM. 


QPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by R41. Direct addressing indicates that 


the processor number is the 14 value in the instruction. 


OPERAND 2: A 2-bit designator in bits 14 and 15 used to 
specify the bit to set. 


e Bit 14 is reserved for future use. 


@ Bit 15=1 means set Privileged Mode bit. 


EXAMPLE 


ortaano 


i oe 


NOTE 
A processor can only execute the SPM instruction if 
the privileged mode bit is set for that processor. 
Initial setting of the privileged mode bit can be 
accomplished with a WAR instruction. 


Reset Privileged Mode Register 
RPM 14,19 or @Ry,I9 

0 ee 7 8 9 110612—~=CO«13 15 
| 15 Liftiorry [4] tp | 
FUNCTION: A privileged instruction that resets the bit in 
the Privileged Mode register associated with the processor 
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19 2021 22.21.24 25 26 27 28 79 30 31 37.33 4 95 97 WSS 40 41 47 0340 a4 AG 
ee EA 


specified by 14 or Ry. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for this instruction; this 
bit distinguishes between SPM and RPM. 


OPERAND 1: The processor number, 0-7. Indirect 
addressing indicates that the processor number is in the 
register specified by Ry. Direct addressing indicates that 
the processor number is the |, value in the instruction. 


OPERAND 2: A 2-bit designator in bits 14 and 15 used to 
specify the bit to reset. 


e Bit 14 is reserved for future use 


e@ Bit 15=1 means reset Privileged Mode bit 


EXAMPLE 


F OPERATION 
TRIGA ROROMORD GL 
. «gt 


PA, 


Write Extended Register 
WRX E4,R9 


0 7 #8 11006«12~—~«A13 18 


; 


FUNCTION: A privileged instruction that writes the 
contents of the general register into a Group I! extended 


register. 


Extended Function Code: Bit 12 serves as an extension to 
the basic function code and is 1 for this instruction; this 
bit distinguishes between RDX and WRX. 


OPERAND 1: The Group I! extended register to be 
loaded is specified by R}. 


OPERAND 2: The general register which contains the 
data to be transferred is specified by Ro. 


CONSIDERATIONS: Any attempt to access a Group | 


extended register will result in a trap to the Invalid 
Instruction routine. 
EXAMPLE 


a 
ERATION 
10 11 1213 14 15 16 17) 
x. 
Secaate cae 


AX oe. 


OPERAND 


19 20 20 22 73 7 25 26 27 28 79 30 31 37 33 34 35 WI) 3899 40 41 47 A144 AS OF 


Writes the contents of general register 7 into extended 
register 2. 


1/0 INSTRUCTIONS 


Each of the three I/O processor states has an associated 
1/0 driver to implement all 1/O activity delegated by the 
Executive program. Conceptually, the !/O driver is the I/O 
processor. The driver is a series of machine instructions 
designated by the operating system for the associated 
processor state. 


Implementation 


All 1/O control and data transfer is via the extended 
registers of the three I/O states. Machine language 
instructions are tailored to implement the requirements of 
three major classes of 1/O operation: 


e Communications Processor State 0 
@ Selector Channel Processor State 2 


e Disc Processor State 3 


Communications 


Two I/O instructions provide for communications I/O. 
WRC is used for setting up the channel for a data transfer, 
and RDC implements the input or output transfer. 


Selector Channels 


Three 1/O instructions provide for basic data channel 
operations: INP, OUT, and SIO. INP and OUT prepare the 
channel for a data transfer, and perform the transfer 
under software control. SIO can set up the channel, 
perform a hardware-controiled transfer and ending 
sequence, and process asynchronous status. 


Disc 


Three 1/O instructions provide for disc operations: INP, 
OUT, and DIO. INP and OUT perform certain preparatory 
functions such as Seek, while DIO implements 
time-dependent operations - searching count fields and the 
actual input or output transfer. 


1/0 Instruction List* 


Mnemonic Name 
DIO Disc 1/O 
INP Input from I/O Register 
OUT Output from !/O Register 
RDC Communications !/O 
WRC Communications Output 
SIO System 1/O 


*All 1/0 instructions are restricted to one of the dedicated 
processors, 0-3, 


Disc Input/Output 


DIO @Ry,Ro 
0 


7 8 9 1 12 13 18 
ee eee ee 


FUNCTION: Operates on a variable length command 


packet or several such packets located at the address 
specified by Rg to effect a variety of disc channel 
operations including buffered data transfer (input or 
output). This is a restricted instruction limited to 
Processor 3. 


OPERAND 1: A one-word field containing the first word 
address of the command packet. The command packet 
address is in the general register specified by Ry for direct 
addressing, or in the memory location specified by the 
contents of Ry for indirect addressing. 


OPERAND 2: At the end of the operation, the status of 
the last operation to be performed is transferred to a 
6-byte table. The table starting address is contained in the 
general register specified by Ro. The table has the 
following format: 


0 1 
Current Command Program Address 
Status of Last Hardware Operation 


Last Byte Address (+1 or +2) Transferred * 


- *4+1 if byte count is even. 
+2 if byte count is odd. 


5 


Command Packets 


The DIO instruction operates on the following packets: 


Command 
Packet 


Home Address Search (03) 
01412 3 


7 8 15 


Buffer Address (Home Argument) 


Home 
Address 
Argument 
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Command 
Packet 
8 15 


Count Field Search (08) 


Byte Count 


Buffer Address (Count Field Argument) 
Count 


Field 
Argument 


ee ee 
H1 


Record Number 


Key Length 


Byte Count 


Buffer Address 
Overall Byte Count 


Read Without Transfer (04) 


01 or 10 
Byte Count 


Variable Gap 


Buffer Address 


BRS (Bit Ring Sync) — determines the type of field 
(home address, count, key or data) to be read or written. 

000 — Special Home Address 

001 — Data Field 

010 — Key Field 

011 — Ro Count Field 

100 — Control Storage Data 

101 — Home Address Record 

110 — R,, Count Field 

111 — Special Data 


Rg is the first record on a track, R,, is any record after the 
first record on the same track. 
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Byte Count — Specifies the number of bytes in the 
command argument (search packet), or the total number 
of bytes to be read or written. 


Tag — Adds base register displacement to the buffer 
address. 


Buffer Address — Specifies the starting address of the 
argument (search packet), or the starting address which 
will be used to store data from the disc, or where data to 
be recorded on the disc is located. Buffer address must be 
stored in an even memory location. 


Flag — Indicates track usage and condition. 


C1, C2 — Specifies the cylinder address. C1 is always set 
to zero; C2 can have a value between 000 and 202. 


H1, H2 — Specifies the head address. H1 is always set to 
zero; H2 can have a value between 00 andi 19. 


Key Length — Specifies the number of bytes in the key 
field. If no key field is included, key length must be set to 
zero. 


Overall Byte Count — Specifies total length of all data 
fields to be read during respective read (multiple of byte 
count when R=1). When R=0 this word must not be used 
and must not be included in the command packet. 


Variable Gap — Specifies the one’s complement of the hex 
number of supplementary gap bytes which must precede 
the next count field to be written. IFA logic 
automatically generates 41 gap bytes for every type of 
data field. The following table specifies the number of 
additional gap bytes which must be appended by the 
command after writing each data field. 


Type of Field Entry 


Ro Count, Rg Data, FF 4, (0 bytes) 
R,, Data, Rp, Key 


Home Address” DF 16 (3249 bytes) 


Special Home Address”, Not Defined 
Special Data 
Ry Count 0.043 x (Key Length + 


Data Length) not in- 
cluding Burst Check 
Bytes 


*in the event of Home Address error, a gap length of 205 bytes 
will be inserted by the utility program. 


R (Repetitive Read Indicator) — If 0 = no multiple read; if 
1 = multiple read requested. 


C (Chain) — If this bit = 1, DIO will expect to find 
another command packet immediately following the first 
command packet. After executing the first command, the 
microprogram will proceed to execute the second 
command. Chaining will continue until DIO reaches a 
command packet with a chain bit = 0, which the micro- 
program will assume to be the last packet to be executed. 
Whenever a packet in the chain does not complete success- 
fully, the chain is terminated and the status of the 
command packet being executed is returned to Shared 
Resources. 


NOTE 


A complete discussion of disc addressing, track 
formats and other pertinent information can be 
found in the publication Memorex 3664 Disc 
Storage Drive Reference. 


EXAMPLE 


Register 5 contains a pointer to a set of 1/O commands 
which are to be executed. After execution, the three-word 
end-operation status is stored at the location specified in 
register 4. 


Input from 1/O Register 


INP R4,@R9 


FUNCTION: Reads the contents of the Group III 
extended register specified by Ry and transfers it to the 
general register specified by Ro or to a memory location if 
indirect addressing is used. This is a restricted instruction 
limited to the 1/O processors (0-3). 


OPERAND 1: The data is read from the extended (Group 
II!) register specified by the Rj value. 


OPERAND 2: For direct addressing, the receiving field is 
the general register specified by Ry. For indirect 
addressing, the receiving field is at the memory location 
specified by the contents of this register. 


Application 


The INP instruction is used by the disc and BDC (basic 
data channel) processors for setting up an operation in 
preparation for the actual data transfer. 


Basic Data Channel Operations — For BDC operations in 
INP instruction is executed in Processor 2. The extended 
registers of Processor 2 have dedicated hardware functions 
such that the particular register number specified by field 
R1 determines the hardware significance of the input 
word transferred. Figure 4-5 shows the relationship 
between the Rj value, the extended register number, and 
the hardware significance of the input word. 


Disc Channel Operations — For disc operations, the INP 
instruction is executed in Processor 3. Here the receiving 
field is determined by Rg; the value of the Rj field is 
immaterial since the source of the word transferred is 
always the same. The nature of the word depends upon 
the value of the Rj field in the previously executed OUT 
instruction. 


EXAMPLE 


NAME 


12345678 


The contents of extended register 4 are transferred to 
general register 7. 


Output to I/O Register 


OUT Ry,@R2 
0 7 8 11612 +=«13 16 
[ Fé Pe duees) aed 


FUNCTION: Transfers the contents of the general register 
specified by R9, or the contents of a memory location if 
indirect addressing is used, to the group III extended 
register specified by Ry. This is a restricted instruction 
limited to the I/O processors (0-3). 


OPERAND 1: The data is transferred to the Group III 
extended register specified by the Ry value. 


OPERAND 2: For direct addressing, the sending field is 
the general register specified by Rg; for indirect 
addressing, the sending field is the memory location 
specified by the contents of this register. 


Application 


The OUT instruction is used by the disc and BDC (basic 
data channel) processors for setting up an operation in 
preparation for the actual data transfer. 
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Ry Extended Register No. 


i] 


0, 4,8,C 10, 14, 18, 1C Bus in Register Bus In Register | 
“SceeeRSOREE, ocean 
Byte Mode 

0 7 8 15 
1,5,9,D 11, 15,19, 1D Tag In Lines Tag Out Register | 

0 15 
2,6,A,E 12, 16, 1A, 1E | Channel Control Register | 

0 15 
3,7,8,F 13, 17, 1B, 1F | Byte Count Register | 


Contents of Input Word 


16-bit Mode 
a 
7 8 15 


Figure 4-5. INP Instruction In Basic Data Channel Operation 


Extended Register 
Number (Hex) 


0 


11 

0 
12 

0 
14 

0 
18 

0 
1F 


Tagout Register | 
| Channel Control Register | 
| Bus Out Register | 


| Byte Count Register | 
| All Registers | 


Hardware Interpretation 
of Output Word 


7 8 15 


15 


15 


15 


15 


Figure 4-6. OUT Instruction In Basic Data Channel Operation 


Basic Data Channel Operations — For BDC operations the 
OUT instruction is executed in Processor 2. The Group II 
extended registers of Processor 2 have dedicated hardware 
functions such that the particular register number 
specified by field Ry determines the hardware significance 
of the output word. Figure 4-6 shows the relationship 
between the Ry value, extended register number, and the 
hardware interpretation of the output word. 
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Disc Channel Operations — For disc operations, the OUT 
instruction is executed in Processor 3. The Group It 
extended registers of Processor 3 have dedicated functions 
such that the particular register number specified by field 
Rj determines the hardware significance that will be 
assumed for the output word. The following material 
shows the relationship between the extended register 
number and the hardware interpretation of the output 
word. 


Extended Register 10 


0 12 13 15 
Not used Drive 
No. 


Extended Register 11 


0 15 
Command | 

000 1 = Set Hd Adv 

0 0 O 2 = Restore 

0 0 1 0 = Reset Hd Reg 

0 06 2 0 = Start Seek 

0 0 4 0 = Reset Attn 

0 2 X X = Latch, where X X = 8 bits for bus fines 

0 O X X = Pulse, where X X = 8 bits for bus lines 

0 4 X X = Set Hd Reg, where X X = Hd No. 

0 8 X X = Set Cy! Reg, where X X = CAR No. 


Extended Register 12 


This register causes a request status indication from the 
IFA. The output word is immaterial in this case since the 
hardware will always return a status word to be picked up 
by an INP instruction. Significance of the status word is as 
shown in the following table. 


IFA Status Not Valid OR Command Early 
IFA Missed Window OR Command Early 
IFA Window 

IFA Track Boundary 

IFA Read/Write Termination 

IFA Burst Check Error 

IFA Lost Data 

IFA No Sync Compare 

IFA 3rd Rev Sync Find 


Disc (Not On Line) OR (Seek Incomplete 
and Not File Unsafe) 


Disc (File Unsafe) OR (Seek Incomplete 
and Not File Unsafe) 


Disc Read Only 
Disc Pack Change 
Disc End of Cylinder 


Disc Write Current Sense or No Search 
Find* 


Disc Busy 


*No Search Find will exist only when the command word 
in error is a Search command word. 


Extended Register 13 


This register causes a request attention and physical 
address from the IFA. The output word is immaterial in 
this case since the hardware will always return the 
following word to be picked up by an !NP instruction. 


012 3 45 6 7 8 15 


Cylinder Number 


Attention Bits 


Extended Registers 14, 15 


Not used for OUT instruction (see DIO instruction). 


EXAMPLE 


NAME 


1? tasers 


extended register 5. 


Communications Input/Output 


RDC 
C 
FUNCTION: Each time processor state 0 is turned on 
(Busy bit set), the Communications 1/O driver executes 
the RDC instruction to determine whether the Busy bit 
was set by the Executive program (output) or by one of 
the communication lines (input). If there is no interface 
request (that is, no call-in on any of the communications 
lines), general register 5 is set to other than zero and 


execution falls through to the next instruction in the 
driver. 


If there is an interface request, RDC places the line 
address in general register 2 and input information in 
general register 3, and then inspects the line address table 
(the starting address of which had previously been put in 
general register 4) to determine whether or not a line 
parameter table is assigned to that line. If there is no line 
parameter table, it indicates that activity on that line was 
neither expected nor should be acknowledged; general 
register 5 is reset, and execution then falls through to the 
next instruction in the driver. 


If a line parameter table is assigned, the address of that 
table is placed in general register 5, and further analysis is 
performed to determine whether the request is to be 
handled by software or whether buffered data transfer 
(input or output) is indicated, in which case the RDC will 
implement the actual transfer by operating on the line 
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parameter table. If the interface request requires software 
processing, RDC will first determine the type of request 
and then transfer control to the appropriate software 
routine. The address of the routine is obtained from a 
jump table pointed to by one of the words in the 
parameter table. 


Assuming that control is not transferred to a software 
routine, RDC will continue to service buffered data 
transfer requests in a multiplexed mode unti! control is 
diverted to a software routine. 


The RDC instruction is a restricted instruction limited to 
Processor 0. 


Line Address Table 


A 32-byte table containing a one-word address pointer to 
a line parameter table for each line address. If the pointer 


LINE PARAMETER TABLE 


INPUT BYTE COUNT | IBC = 0 
i (1BC) ) 
“A 
INPUT, CURRENT BYTE ADDR. | %, 
(ICBA) : COR - 
STATUS (PARITY ERROR) | 
- i = 
BTL | BYTES 


BUFFER TERMINATOR LIST — | 
ADDR. (BTLA) | 
OUTPUT BYTE COUNT | 
(OBC) : 
OUTPUT, CURRENT BYTE 
| ADDR. (OCBA) 
JUMP TABLE ADDR. 
(ITA) 


THE LINE ADDRESS TABLE (SEE TEXT) POINTS TO A DIFFERENT 
LINE PARAMETER TABLE ADDRESS (LPTA) FOR EACH COMMUN- 


ICATION LINE. 


*THESE TWO ROUTINES CHECK WORD 3 OF THE PARAMETER 


TABLE TO SEE IF A PARITY ERROR OCCURRED. 


is zero, a line parameter table has not been provided for 
that line address. 


Line Parameter Table (Unit Table Extension) 


A block of information concerning a particular line 
address. Thus, it is possible for each line to be uniquely 
implemented. One of the words in each parameter table is 
a pointer to a line exit jump table (Figure 4-12). 


A 12-byte table containing one-word address pointers to 
software routines for each line exit.condition. The pointer 
to the line exit jump table contained in the line parameter 
table may be changed to a different line exit jump table, 
or any element of a line exit jump table may be changed 
to meet a line-modem situation. 


The interrelationship of the Line Parameter table and the 
Line Exit Jump table is shown in Figure 4-7. 


LINE EXIT JUMP 
TABLE 


ADDR. OF “NO INPUT BFR” 
ROUTINE 


ADDR. OF “INPUT BFR 
TERMINATED” ROUTINE 


ADDR. of “INPUT BFR 
FULL” ROUTINE 


ADOR. OF “OUTPUT BFR 
EMPTY” ROUTINE 


ADDR. OF “UNSOLICITED 
STATUS” ROUTINE 
ADDR. OF “SOLICITED 
STATUS” ROUTINE 


Figure 4-7. Relationship, Line Parameter Table and Exit Jump Table 
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Communications Output 


WRC Ry,Ro 
0 


FUNCTION: Transfers the contents (data or ICA 
command) of the general register specified by R4 to the 
line address specified by Ry. This is a_ restricted 
instruction limited to Processor 0. 


OPERAND 1 The destination of the ICA command 
format (or data) is the line address contained in the 
general register specified by R4. 


OPERAND 2: The command (or data) to be transferred is 
contained in the general register specified by R95. 


Application 


The WRC instruction is designed for putting out a single 
ICA command (or data) format to a communications line 
in preparation for a data transmission to be implemented 
by the RDC instruction. 


ICA _ Command Format: The general format of the output 
word transferred by the WRC instruction is shown in the 
first illustration. The specific variations of the word are 
shown in following illustrations. 


0 1 2 3 15 


B is a broadcast designator; broadcast=1, not 
broadcast=0. When this bit is a 1, the command 
word is “‘broadcast”’ to all channels. 


| is an identifier; its value, 0-3, determines the 
significance of bits 3-15. 


If | = 0, (Input Request), the word has the following 
format. 
0 1 2 3 15 


& | : | No significance | 


if | = 1, (Output Character), the word has the following 
format. 


15 


Bits 6-7 define the contents of bits 8-15 according to the 
following table. 


ALA Character 

0 Data character 

1 Control character 
2 Dial digit 

3 Reserved 


If | = 2 (port command), the word has the following 
format. 


Each of the bits 6-12 has an assigned meaning, as listed. 


Bit 
6 
7 
8 
9 

10 


11 
12 


Command Code 
Return unsolicited status, bit = 1 
Return solicited status, bit = 1 
Clear link commands, bit = 1 
8-level = 1; 7-level + parity = 0 
Odd parity = 1; even parity = 0 
Echoplex: invoke = 1; revoke = 0 


Speed: split = 1; not split = 0 


BC is a baud code; the values of BC (0-7) have the 


meanings listed. 


BC 


Not used 

Not used 

1200 baud, sync 
1200 baud, 120 cps 
600 baud, 60 cps 
300 baud, 30 cps 
150 baud, 15 cps 
110 baud, 10 cps 


lf | = 3 (Link Command), the word has the following 


format. 


Bits 12-14 


ne a command code; the meanings assigned 


to the possible values (0-7) are listed. 


oo 


Vn Oo Oo 2 W N 


Command Code 
Data terminal ready 
Request to send 
Transmit space clamp 
Secondary request to send 
Off hook 
Dial request 
Half duplex 


Not loop test 
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A is an action bit: action if 1, no action if 0. 


EXAMPLE 


line address in register 2. 


System Input/Output 


SIO @R4,Ro 


0 7 8 98 11.4612 ~—~«13 15 


FUNCTION: Operates on a four-word command packet 
specified by Ry and a one-word flag and address operand 
contained in the general register specified by Ro in order 
to effect one of the following: 


1. Basic Data channel set-up, selection sequence, 
hardware controlled data transfer (input or 
output), and an ending sequence. 


2. Process Basic Data channel asynchronous status 
(polling sequence). 


This is a restricted instruction limited to Processor 2. 


OPERAND 1: A one-word field containing the first word 
address of a four-word command packet. The operand is 
in the general register specified by Ry for direct 
addressing, or in the memory location specified by the 
contents of Ry for indirect addressing. If in the flag byte 
in operand 2, bit O=1 (polling sequence), operand 1 is 
ignored. 


OPERAND 2: A one-word operand located in the general 


register specified by Ro. The operand has the following 
format. 


0 1 7 8 15 


Used | Device Address | 
ae ee, 


Address Byte 


Fiag Byte 


sequence, 


| O = Device selection, data transfer, and ending 
1 = Asynchronous status (polling sequence). 


If bit 0 = 0, bits 8-15 contain the address of the byte to be 
selected. When bit 0 = 1, the device address is ignored. 
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Bits 8-15 contain the address of the device to be selected 
if bit O=0. When bit 0=1, the device address is ignored. 


Command Packet 


The format of the command packet which the SiO 
instruction expects to find at the location specified by Ry 


Command 


Byte Count 


First Byte Address (FBA) 


Bit O is a chaining indicator used by software. Bit 1 is a 
suppress incorrect length indicator used by software. Bit 2 
is a skip data-transfer bit used by the SIO to perform 
input operations without transferring data; if bit 2=0, 
normal input is assumed, if bit 2=1, input without transfer 
is assumed. Bits 8-15 contain the command byte issued to 
the device selected. The command byte codes are 
IBM-compatible, with the following exception: if a 
command code is non-zero (bits 8-12 non-zero) and bits 
13-15 are zero, an invalid command status indication is 
returned. 


lf the command is not the exception above and a data 
transfer is initiated, bit 15 indicates whether the operation 
is read or a write: O=read, 1=write. 


The second word of the command packet holds a 16-bit 
byte count which must be non-zero, otherwise an invalid 
command status is returned. The non-zero count is 
required for all commands, including TEST 1/O and 
control commands, which do not include a data transfer. 
For commands which require a data transfer, the byte 
count allows transfers of 1-65,535 bytes. 


The last word of the command packet contains the 
first-byte address of the data field in main storage. 


Application 
The SIO instruction has two basic uses.as follows: 


1. Initiating and performing hardware controlled 
data transfer. 


2. Processing asynchronous status. 


The user defines the purpose of SIO via the flag byte of 
operand 2. The results of an SIO can be determined by 
examining the returned information as described below. If 
bit O of the flag byte is 0: 


@ General register 0 contains the command packet 
address. 


e@ General register 1 contains the residual count of 
the data transfer. 


e General register 2 contains 8 bits of device status 
and 7 bits of channel status. 


If bit O of the flag byte is 1: 
@ General register 0 contains zero. 


e General register 1 contains the address of the 
device which responded to the asynchronous 
status sequence, or zero if none of the devices 
responded. 


e@ General register 2 contains 8 bits of device status 
and 7 bits of channel status. 


Status information returned in general register 2 is 
explained in the table (right). The on condition (bit=1) 
for each bit indicates the status described. 


EXAMPLE 


OFERAND 


Oe ee De a re 


The flag byte in register 3 is examined and if bit 0 is off 
(0): 


1. The device address (bits 8-15 of register 3) is 
selected. 


2. The six byte 1/0 command word pointed to by 
the address in register 4 is read and executed. 


3. After execution (channel end or error condition) 
registers 0, 1, and 2 contain the result of the 
operation. 


19-20 21.22.23 24 75 26 22 28 29 30 34 3793 36 1h 3637 JOM 00 a1 47 83.49 45 06 


If bit O of the flag byte in register 3 is on (1): 
1. The REQUEST IN tag line is examined. 


2. If REQUEST IN is down, an immediate exit is 
made indicating this fact. 


3. If REQUEST IN is up, the device address and 
status are returned in general registers 1 and 2, 
respectively. 


General Register 2 


Bit Number Unit Status Information 


Attention 

Status Modifier 

Control Unit End 

Busy 

Channel End 

Device End 

Unit Check 

Unit Exception 

Channel Status Information 


Initial Selection Sequence 
Error: 


@ Device off-line 

e Bus out parity error 

@ Program Address error 
Invalid Command Word 
Channel Address/Status Check 


@ Wrong address-in on initial 
selection 


e Address or status parity 
invalid 


No ‘Request In” (poll sequence) 


Contro! Check 


Transmission Check (invalid 
parity on sense, control, or 
data bytes) 


Short Buffer 


Unused 
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5. SYSTEM OPERATING PROCEDURES 


INTRODUCTION 


This section provides the operator and programmer with 
information for using the System Control Panel to operate 
the system. It describes the function of controls and 
indicators associated with the operator group, pro- 
grammer group, system activity display group, and 
communication activity display group; plus step-by-step 
procedures for the most commonly used operator and 
programmer operations executed by the panel. Description 
of controls, indicators, and procedures associated with 
the maintenance group portion of the panel are specifically 
excluded from this section because their use is restricted 
to properly-qualified maintenance personnel only. 


The System Control Panel is illustrated in Figure 5-1. 


CONTROLS AND INDICATORS 


Controls and indicators on the System Control Panel are 
divided into five groups: 


e@ Operator Group 


e Programmer Group 


e Maintenance Group 
e System Activity Display Group 
@ Communications Activity Display Group 


The following paragraphs provide a functional description 
for each control and indicator on the panel. The de- 
scriptions are arranged by panel group, starting with the 
bottom right control in each group and proceeding left- 
ward and upward. 


NOTE 


All pushbuttons are of the momentary-action type 
unless otherwise specified. 


OPERATOR GROUP 
EMERGENCY PULL Knob 


When pulled, instantly removes all power from system 
except AC power to, and power from, the +24 VDC 
control supply (does not go through normal power-down 
sequence which is the case when using POWER OFF 
pushbutton). 


MAINTENANCE 
GROUP 


SYSTEM ACTIVITY 
DISPLAY GROUP 


ah - = eee 
===" oli l21sl4lslel7, 


— BREAKPOINT 


BHEAKPOMIT MODE SELECT 


a hire alk 
‘STA Gata 


CONSOLE soeees 


PROGRAMMER AP 
GROUP | O 


CLEAR 


contnot CONBOLE 


oo aye -_ ee ea 


id 


OPERATOR ‘WP =e eS ee eee Ce 
GROUP qooo0()-10 | AIL 
COMMUNICATIONS 


ACTIVITY GROUP 


Figure 5-1. MRX/40 and 50 System Control Panel 
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~ The EMERGENCY PULL knob is not meant for 
normal “power-off’’ sequencing. Whenever this 
switch is used to remove power from the system, 
power cannot be reapplied until a mechanical 
interlock within the cabinet is released. (This is a 
maintenance activity.) Thus the EMERGENCY 
PULL knob is intended to be used only in 
emergency situations (circumstances involving a 
safety hazard). Its use can cause equipment damage. 


POWER OFF Pushbutton/Indicator 


Turns system power off when POWER MODE switch is in 
LOCAL. This switch assures proper power-down 
sequencing. (POWER OFF has no effect while POWER 
MODE switch is in REMOTE.) 


NOTE 


POWER OFF will be lit unless one of the fol- 
lowing conditions exist: no primary power is 
available, the main disconnect switch is off, the 
EMERGENCY PULL knob has been pulled, or 
power is on (that period between the completion 
of a power-up sequence and the initilization of a 
power-down sequence). 


POWER ON Pushbutton/Indicator 


Turns system power on when the POWER MODE switch 
in the maintenance group is in LOCAL. This switch 
assures proper power-up sequencing. (POWER ON has no 
effect while POWER MODE switch is in REMOTE.) 


NOTE 


Upon completion of the power-up sequence, a 
Reset/Load sequence is automatically initiated, 
provided the maintenance mode has not been 
selected. Moreover, at completion of the 
Reset/Load sequence, an Autoload sequence is 
automatically initiated. Further detail is provided in 
the procedures for loading CS and MS in either the 
operator or program mode. 


AUTOLOAD Pushbutton 


Causes main starage to be loaded, starting at a location 
determined by the microprogram subroutine with data 
obtained either from disc drive zero (when LOAD 
SELECT switch is in PRIMARY) or from cards (when 
LOAD SELECT switch is in ALTERNATE.) 


LOAD SELECT Switch 


Determines input media used during a Reset/Load and/or 
Autoload sequence. Down position (PRIMARY) selects 
disc as input medium. Up position (ALTERNATE) selects 
cards as input media. In the case where a system is 
configured to have both a card reader and a reader/punch, 
the alternate source may be either and is field selectable. 


NOTE 
During an Autoload sequence, the PRIMARY 
position of this switch causes the first microprogram 
loader instruction to come from control storage 
address 011346 and the ALTERNATE position 
causes the first microprogram loader instruction to 
come from control storage address 01124,." 


SPEAKER Volume Control 


Adjusts volume of the speaker contained in the panel 
enclosure. This speaker is driven by the circuits associated 
with bit positions 13, 14, and 15 of the CONSOLE DATA 
REGISTER DISPLAY indicators. 


NOTE 
The relative loudness levels of these bits on the 
speaker are these: bit 14 will be twice as loud 
as bit 13 and bit 15 twice as loud as bit 14. 
1/0 FAULT Pushbutton/Indicator 


1/0 FAULT will light if any of the following conditions 
occur. 


1. Channel 1 Transmission Parity Error 
2. Channel 2 Transmission Parity Error 
3. Channel 1 Control Check Error 
4. Channel 2 Control Check Error 


5. Burst Check Error (during a Reset/Load 
operation from disc). 


6. Failure of disc heads to retract during power- 
down sequence. 


Pressing |/O FAULT extinguishes the indicator. (Refer to 
individual 1/O fault indications in the System Activity 
Display Group, further in this section.) 


* At present, there is no microprogram starting at address 01 1246 
to load CS from cards; consequently, CS can be loaded only via_. 
disc drives. 


PROC FAULT Pushbutton/Indicator 


PROC FAULT will light if any of the following con- 
ditions occur. 


1. Control Storage Parity Error 
2. Main Storage Parity Error 

3. DC Voltage Fault 

4. Over-temperature condition 


Pressing PROC FAULT extinguishes the indicator except 
in the case of a DC Voltage Fault or an Over-temperature 
condition. In this case, the cause must first be corrected 
for the switch to have effect. 


ALARM (located behind Panel) 


Furnishes an audible signal when the LAMP TEST push- 
button is pressed or when any of the following conditions 
exist: 


1. Blower failure within the computer 
2. DC voltage fault 


3. Failure of disc heads to retract during a 
power-down sequence 


NOTE 


When blower failure or DC fault conditions 
exist for approximately 60 seconds, the power- 
down sequence is automatically initiated. 


If the heads fail to retract from a disc during 
the power-down sequence, DC voltages will be 
removed within the computer. The power-down 
sequence will stop at that point until the problem 
is corrected. 


ALARM DISABLE Pushbutton/Indicator 

Pressing this pushbutton, if the audible alarm is on, 
causes the alarm to stop and the ALARM DISABLE to 
light. When the alarm condition is corrected, ALARM 
DISABLE will extinguish. 

LAMP TEST Pushbutton 

Pressing this switch causes all indicators to light and the 


alarm to sound. Releasing the switch returns them to 
their prior state. 
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RESET Load Pushbutton 


Causes data to be read from either cards or disc and to be 
transferred either to control storage and first-level decode 
address table and/or to main storage; the routing depends 
on the setting of the CONSOLE MODE SELECT selector 
(CS-WR or MS-WR) and the operating mode that has been 
selected. Selection of cards or disc as input medium is 
determined by position of the LOAD SELECT switch. 
(See the procedures for LOADING CONTROL 
STORAGE FROM CARD READER for explicit 
instructions regarding the use of this pushbutton.) 


Upon completion of a Reset/Load operation from disc, 


an Autoload operation will automatically be initiated 
providing Maintenance Mode has not been selected. 


PROGRAMMER GROUP 
NOTE 

Controls within this group are conditioned by 
the PROGRAM MODE _ pushbutton/indicator 
except where otherwise designated. 

CONSOLE MODE SELECT Selector 

Selects basic mode of operation for panel: 
RO-RD — register option read 
RO-WR -— register option write 
RF-WR -— register file write 
RF-RD — register file read 
OFF — select switch disabled 
MS-RD — main storage read 
MS-WR — main storage write 
CS-RD — control storage and first level decode 
address table read or scan (enabled in Maintenance 
Mode only) 
CS-WR — control storage write (enabled in Main- 
tenance Mode only except during a Reset/Load 
operation) 

CONSOLE RUN Pushbutton 

Initiates the function selected on the CONSOLE MODE 


SELECT selector in a manner determined by the CON- 
SOLE CONTROL SELECT switch. 


CONSOLE CONTROL SELECT Switch 


Three-position switch governing the way in which a 
selected console control operation is executed: 


STOP/STEP stop and step 


NORMAL run continuously 

BREAKPOINT run as far as breakpoint 
(applies to CS-RD, CS-WR, 
MS-RD, and MS-WR_ only). 


CONSOLE MAIN STORAGE Switch 
NOTE 


This switch has no effect unless the Relocation 
and Protection feature is installed. 


This switch determines whether the contents of the 
S-Register are interpreted as a system or physical main 
storage address when an MS read or write operation is 
occurring in the Console Control Mode. When it is in the 
RELOCATE (up) position, the contents of the S-Register 
are interpreted as a system main storage address and are 
converted by the relocation mechanism into a physical 
main storage address. When it is in the OFF (down) 
position, the contents of the S-Register are directly 
interpreted as a physical main storage address and bypass 
the relocation mechanism. 


SYSTEM RESET Pushbutton 


The SYSTEM RESET pushbutton clears the following 
registers: 


1. EXTENDED REGISTER FILE 


Group I: Pu of all processor states. 
Busy/Active, Tie-Breaker, 
Control, Privileged, Boundary- 
Crossing, Control Storage Scan, 
Console Address, and Console 
Data. 


Group II: 


2. SHARED RESOURCE REGISTERS 


Au, Bu, D, Su, Fu-1, Fu-2, and Forced 
Carry Register. 


PROGRAM MODE Pushbutton/Indicator 
Pressing this switch enables those switches located in the 


programmer group area of the panel. The pushbutton is 
lit when Program Mode is selected. 


CONSOLE DATA REGISTER SELECT Selector 
Selects one of eleven registers to be displayed by the 


CONSOLE DATA REGISTER DISPLAY _ indicators. 
(Does not affect the pushbutton function.) 


NOTE 
Only the DATA and B/A positions are enabled 
when Program Mode is selected. All other 


‘positions of this switch require Maintenance 
Mode to be effective. 


TFy2 Micro-Command Function register, 
rank 2 


TF Micro-Command Function register, 
rank 1 


TRTC Real-Time Clock register 
tcSS Control Storage Scan register 
B/A Busy/Active register 
DATA Systems Control Panel Data register 
tp Main Storage Data register 
TAu ALU Feeder register Aut 


tBu ALU Feeder register Bu 


tSUM Output of ALU (sum of A and B 
plus the forced-carry register) 


TBC Boundary-Crossing register 


(those marked t enabled in Maintenance Mode only) 


CLEAR DATA Pushbutton 
Clears contents of Console Data register. 


CONSOLE DATA REGISTER DISPLAY Pushbutton/ 
Indicators 


Twenty pushbutton/indicators horizontally located as 5 
groups of 4 bits each. These groups function as follows: 


1. Pushbutton/Indicators: XO — X3 (not 
functional for 7200) 
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2. Pushbutton/Indicators: 00 — 15 


Pressing these pushbuttons will cause 
corresponding bits to be set in the Console 
Data Register only. However, the indicators 
will be on for corresponding bit positions 
that are set, and off for corresponding bit 
positions that are clear, at Fu2, Fu1, RTC, 
CSS, B/A, DATA, D, Au, Bu, SUM or BC 
outputs as determined by the CONSOLE 
DATA REGISTER SELECT selector. 


The digital inputs to the Console Data 
register display lamp drivers in bit positions 
13, 14, and 15 are also used as inputs to the 
panel speaker drivers. 


CONSOLE ADDRESS REGISTER SELECT Selector 
Selects one of four registers to be displayed by the 


CONSOLE ADDRESS REGISTER DISPLAY indicators. 
(Does not affect the pushbutton function.) 


NOTE 


Only the S and ADDRESS positions are enabled 
when Program Mode is selected. The remaining 
two positions of this switch require Maintenance 
Mode to be effective. 

S Main Storage Address register 


Sp Control Storage Address _ register 
(enabled in Maintenance mode only) 
ADDRESS Console Address register 


PE Main Storage Parity Error Address regis- 
ter (enabled in Maintenance mode only) 


CLEAR ADDRESS Pushbutton 


Clears contents of Console Address register. 


CONSOLE ADDRESS REGISTER DISPLAY Pushbutton/ 
Indicators 


Twenty pushbutton/indicators horizontally located as 5 
-groups of 4 bits each. These groups function as follows: 


1. Pushbutton/Indicators: XO — X3 (not 
functional for 7200) 
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2. Pushbutton/indicators: 00 — 15 


Pressing these pushbuttons will cause 
corresponding bits to be set in the Console 
Address Register only. However, the 
indicators will be on for corresponding bit 
positions that are set, and off for 
corresponding bit positions that are clear in 
the Su, S, Console Address and PE registers 
as determined by the CONSOLE ADDRESS 
REGISTER SEL ECT selector. 


BREAKPOINT MODE SELECT Switches 
1. WRITE DATA Switch 


When up (on), causes breakpoint stop at end 
of each main storage reference cycle in 
which data was written at a breakpoint 
address. 


2. READ DATA Switch 


When up (on), causes breakpoint stop at the 
end of each main storage reference cycle in 
which data was read at the breakpoint 
address. 


3. READ INSTR Switch 
When up (on), causes a breakpoint stop 


immediately after the machine language 
instruction is read at the breakpoint address. 


4. RELOCATE/PHYSICAL Switch (not 
functional for 7200) 


BREAKPOINT ADDRESS SELECT Selectors 


Five selectors which provide a hexadecimal stop address 
for processor state(s) operating in the breakpoint mode. 
Also applies to console mode, MS-RD, MS-WR, CS-RD, 
and CS-WR selections. 


PROCESSOR SELECT Selector 

Selects one of the eight processor states to execute in 
the mode selected by the corresponding PROCESSOR 
CONTROL SELECT switches. 

PROCESSOR RUN Pushbutton 


Starts the processor state selected by the PROCESSOR 
SELECT selector. 


PROCESSOR CONTROL SELECT Switches 


Eight three-position switches which place individual 
processor states in one of three modes: 


1. STOP/STEP — Stop and step selected proc- 
essor state. 


2. NORMAL — Allow selected processor state 
to run continuously. 


3. BREAKPOINT — Allow selected processor 
state to run until a breakpoint-comparison 
equality occurs. 


MAINTENANCE GROUP 


Except for the MAINTENANCE MODE pushbutton, 
controls and indicators in the maintenance group are not 
described in this manual because their use is restricted to 
maintenance personnel only. The MAINTENANCE 
MODE pushbutton, used to enable controls of the 
maintenance group, must be in the off state (Maintenance 
Mode not selected) to enable operation of the operator 
group controls. 


SYSTEM ACTIVITY DISPLAY GROUP 
PROCESSOR STATE indicators 


Dynamically indicate which processor states are executing 
major cycles. 


Status Indicators 
Twelve indicators that each light for a particular status. 


MS PARITY BYTE 0 — Displays state of parity bit 
of upper byte (bits O through 7) of the last word 
read out of MS. (Not enabled if ECC is present.) 


MS PARITY BYTE 1 — Displays state of parity bit 
of lower byte (bits 8 through 15) of the last word 
read out of MS. (Not enabled if ECC is present.) 


MS PARITY ERROR — Displays state of MS 
Parity Error flip-flop. Indicator is on if flip- 
flop is set and off if flip-flop is cleared. 


CS PARITY ERROR — indicates parity error 
in CS or first-level decode address table. 


D.C. FAULT — Indicates that one or more DC 
power supplies in system is not within allowable 
output range. Remains on until condition is 
corrected. 


OVER TEMP. — Indicates a blower failure con- 
dition within cabinet. 


HEADS EXTENDED — Indicates that heads in 
one or more disc files fail to retract during the 
power-down sequence. 


BURST CHECK — Indicates detection of a burst 
check error during a Reset/Load sequence from 


the disc file. 


CHANNEL 1 DATA CHECK -— Indicates state 
of Channel 1 Transmission flip-flop. 
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CHANNEL 1 CNTRL. CHECK — Indicates 
state of Channel 1 Control Check flip-flop. 


CHANNEL 2 DATA CHECK — Indicates state 
of Channel 2 Transmission flip-flop. 


CHANNEL 2 CNTRL. CHECK — Indicates state 
of Channel 2 Control check flip-flop. 


COMMUNICATIONS ACTIVITY GROUP 


These indicators show the adapter/modem status for the 
communications channels and the integrated communi- 
cations adapter as follows. 


RECEIVED DATA (BB) — ON condition in- 
dicates line is in the spacing condition (binary 
zero). OFF condition indicates line is in the 
marking condition (binary one). 


TRANSMITTED DATA (BA) — ON condition 
indicates line is in the spacing condition (binary 
zero). OFF condition indicates line is in the 
marking condition (binary one). 


CLEAR TO SEND (CB) — ON condition, to- 
gether with ON condition on circuits CA, CC, 
and CD, indicates channel is in a transmit con- 
dition. 


RECEIVED LINE SIGNAL DETECTOR (CF) — 
ON condition indicates that the modem is 
receiving a signal which meets its suitability 
criteria for demodulation. 


SECONDARY RECEIVED LINE SIGNAL 
DETECTOR (SCF) — ON condition indicates the 
proper reception (where applicable) of the 
SECONDARY CHANNEL signal. Used to indicate 
the circuit assurance status and to signal a reverse 
channel interrupt condition. 


DATA SET READY (CC) — ON condition in- 
dicates that the modem is connected to a 
communication channel and, for an auto-answer 
network, has completed the transmission of the 
answer tone. For a private line network, the ON 
condition indicates that the modem is ready. 


OFF HOOK (OH) — For an outgoing call, ON 
condition indicates that a call is being placed. (Dial 
digits are generated by pulsing this signal.) 
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RING INDICATOR (CE) — ON condition in- 
dicates that a ringing signal is being received via 
the communication channel. 


NOTE 


Since under normal operation § the 
communications handler will answer a 
call at the first generation of the ringing 
signal, ON condition implies either a 
malfunction or that the communi- 
cations channel is not enabled. 


ENABLE (EN) — ON condition indicates the line 
adapter is enabled and is therefore not in the system 
reset or loop test mode. 


OPERATING PROCEDURES 


The following paragraphs contain procedures which may 
be executed from the System Control Panel. These pro- 
cedures enable loading control or main storage from either 
a disc or card reader, reading from or writing into main 
storage or registers within register files or register options, 
and executing programs in the program mode. 


MODES OF OPERATION 


The System Control Panel enables the system to operate 
in one of two fundamental control modes: processor 
control and console contro/. These two modes are not 
mutually exclusive from the hardware point of view, but 
should be clearly distinguished and kept separate in 
operating practice. This separation is necessary since the 
console mode can directly alter the contents of storage 
and registers and in this way could completely disrupt 
processor mode operations. 


The processor control mode is selected basically by the 
eight PROCESSOR CONTROL SELECT switches, the 
PROCESSOR SELECT selector, and the PROCESSOR 
RUN pushbutton. This mode enables the operator, in 
connection with programmed operations, to directly 
contro! execution of instructions by all eight processor 
states. Thus, individual processors states may be switched 
on and off or may be made to run one instruction at a 
time (STOP/STEP) mode), etc. Except for the internal 
effects of the programs themselves, the processor mode 
does not allow the contents of storage to be altered. 


The console control mode is selected basically by the 
CONSOLE CONTROL SELECT switch, the CONSOLE 


MODE SELECT selector, and the CONSOLE RUN push- 
button. This mode does not involve any actual execution 
of instructions by a processor state, but allows any 
individual cell of main or control storage or any of the 
hardware registers to be displayed or altered under either 
hardware or software control. The panel is allocated major 
cycles just as through it were a ninth processor. 


Each of the fundamental control modes is influenced by 
the three operating modes: operator mode, program 
mode, and maintenance mode. These modes each deter- 
mine a certain level of operating capability available to 
the operator. The operator mode, selected when neither 
the PROGRAM MODE or MAINTENANCE MODE push- 
button is activated, restricts the operator to use of the 
operator group controls only. This group allows the 
operator to turn on and turn off the system, perform 
reset/load and autoload operations, and detect fault and 
status conditions. These operations are always available 
to the operator regardless of whether the system is in 
the processor mode or console mode. The program mode, 
selected by the PROGRAM MODE pushbutton, enables 
an operator to use the controls of the programmer group 
as well as those of the operator group. This additional 
capability allows the operator to place the system in 
either the processor control or console control mode, 
thus enabling operations associated with these two con- 
trol modes to be carried out. The maintenance mode, 
selected by the MAINTENANCE MODE pushbutton, 
allows still more capability than when operating in either 
the processor control or console control mode. Nor- 
mally, this extended capability is required only by main- 
tenance personnel when troubleshooting the system; 
therefore, procedures initiated by controls of the main- 
tenance group are not included in this manual. 


BREAKPOINT FACILITY 


The breakpoint facility provides a way of terminating 
processor mode or console mode operations at a specific 
point in either main storage or control storage (including 
the first-level decode address table). This facility may be 
invoked if the selected processor is started either from 
the panel (PROCESSOR RUN pushbutton) or by internal 
operations, or if the computer is already executing in- 
structions. During processor mode operations, the break- 
point operation is initiated by setting one of the PROC- 
ESSOR CONTROL SELECT switches to BREAKPOINT. 
The processor then proceeds until the storage location 
selected on the BREAKPOINT MODE SELECT selectors 
is reached, at which point the processor stops. This 
breakpoint stop is interpreted in one of three ways, as 
selected by a corresponding BREAKPOINT MODE switch: 
READ INSTR, READ DATA, and WRITE DATA. Having 


activated the READ INSTR switch will stop the proc- 
essor after it reads the instruction at the breakpoint 
address. Having activated the READ DATA switch will 
stop the processor after it reaches the operand at the 
breakpoint address. Having activated the WRITE DATA 
switch will stop the processor after it stores the operand 
at the breakpoint address. 


NOTE 


Word mode addressing will not result in a 
breakpoint stop where the rightmost byte 
(odd-numbered) address of the referenced word is 
designated in the BREAKPOINT ADDRESS 
switches. An example is the case of MS-RD or 
MS-WR_ operations which will not perform a 
breakpoint stop if the rightmost byte address is 
designated by the BREAKPOINT ADDRESS 
SELECT switches. 


A breakpoint stop activated by the READ INSTR switch 
will load only the first two bytes of an instruction. Thus, 
the computer treats the reading of the Mj, Mo, L4, and 
Lo portion of 4-, 6-, and 8-byte instructions as operands 
for breakpoint purposes. 


For Console Mode operations (when the CONSOLE CON- 
TROL SELECT switch is set to BREAKPOINT), the 
breakpoint stop will always occur at the end of the 
storage reference cycle in which data is read or written 
at the breakpoint address. 


NOTE 


The breakpoint facility is not available for CS 
references in either the operator or program 
mode. However, the facility is available for MS 
references if performed in the program mode. 


SWITCHING POWER ON AND OFF 


To turn the processing unit on, ensure that the LOCAL/ 
REMOTE switch is in the LOCAL position, then simply 
press the POWER ON pushbutton. Upon completion of 
the power-up sequence, the POWER ON indicator will 
light. 


The internal power-up switching sequence for the com- 
puter and disc drives is performed by the hardware. 


To turn the processing unit off, press and hold the 
POWER OFF pushbutton for about 2 seconds. The 
POWER OFF indicator will light. (The delayed action of 
this switch is designed to prevent turning off power in- 
advertently.) 
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NOTE 


The procedures which follow require that the 
processing unit not be in the Maintenance Mode — 
evidenced when the MAINTENANCE MODE 
indicator is not lit. Normally, access to controls of 
the maintenance group by operator and programmer 
personnel is not permitted. If the Maintenance 
Mode has been selected, however (MAINTENANCE 
MODE indicator lit), programmer access must be 
made for the sole purpose of negating this mode. 
Gain access by raising the front cover concealing 
maintenance group controls. Press the 
MAINTENANCE MODE pushbutton; when the 
associated indicator goes off, the mode has been 
changed. 


* LOADING CONTROL STORAGE FROM DISC 


Loading control storage (CS) from the disc via the Panel 
formed in one of two ways: from a power on condition or 
by using the RESET/LOAD pushbutton. Essentailly, the 
power on condition loads CS when power is initially 
applied to the system (pressing the POWER ON push- 
button); using the RESET/LOAD pushbutton loads CS in 
the same manner as pressing the POWER ON pushbutton 
but it is after power has been applied. Each of the two 
ways depends in which operating mode the Panel has been 
placed: operator mode or program mode. Generally, the 
operator mode provides the maximum amount of internal 
hardware control with the least amount of operator 
intervention. In contrast, the program mode requires a 
greater amount of operator intervention but provides a 
greater amount of flexibility in using the panel controls. 


Power On Condition 


Operator Mode 


Set the LOAD SELECT switch to 
PRIMARY (for disc toad). 


STEP 1 


SEP 2. Select one and only one, of the disc 
drives as logical drive O by partially 
inserting plug O into the drive select 
slot. (Do not insert piug all the way 
in at this time.) 

STEP 3 Mount disc pack and enable power 
to disc drive O by pressing the 
START switch. (Ensure that the 
READ ONLY switch is set.) 
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STEP 4 


STEP 5 


STEP 6 


Program Mode 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 


STEP 7 


Press the POWER ON pushbutton. 
Upon completion of the power-up 
sequence and the First Séek 
operation (about 1 minute) drive 
number Q in the select plug will 
light. 


Set the PROGRAM MODE 
pushbutton to the off position. 


Complete selection of disc drive 0 
by fully inserting plug O. When 
drive heads have been restored and 
the power-on sequence has been 
completed, CS load will begin. Disc 
data will be loaded in sequential 
locations starting at address 00001, 
into both CS and the FRJ Decode 
Address Table, automatically 
followed by a load ot MS. 


Set the CONSOLE MODE SEL ECT 
selector to OFF and the CONSOLE 
DATA REGISTER SELECT 
selector to DATA. 


Set the LOAD SELECT switch to 
PRIMARY (for disc load). 


Select one, and only one, of. the 
disc drives as logical drive 0 by 
Partially inserting plug O into the 
drive select slot. (Do not insert plug 
all the way in at this time.) 


Mount disc pack and enable power 
to disc drive O by pressing the 
START switch. (Ensure that the 
READ ONLY switch is set.) 


Press the POWER ON pushbutton. 
Upon completion of the power-up 
sequence and the First Seek 
operation (about 1 minute) drive 
number O in the select plug will 
light. 


Set the PROGRAM MODE 
pushbutton to the on position. 


Complete selection of disc drive 0 
by fully inserting plug O. When 
drive heads have been restored and 
the power on sequence has been 


completed, CS load will begin. Disc 
data will be loaded in sequential 
locations starting at address 00001g 
into both CS and the FRJ Decode 


Address 


Table, automatically 


followed by a load of MS. 


Reset/lLoad Condition 


Operator Mode 


STEP 1 
STEP 2 


STEP 3 


STEP 4 


Program Mode 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


Set the PROGRAM MODE 
pushbutton to the off position. 


Set the LOAD SELECT switch to 
PRIMARY (for disc load). 


Place disc pack on the disc drive 
and enable power to the drive 
selected as logical 0 by pressing the 
START switch. (Ensure that the 
READ ONLY switch is pressed.) 


Press the RESET/LOAD 
pushbutton. Disc data will be 
loaded in sequential locations 
starting at address 00004 into 
both CS and FRJ Decode Address 
Table automatically followed by a 
load of MS. 


Set the PROGRAM MODE 
pushbutton to the on position. 


Set the CONSOLE MODE SELECT 
selector to OFF and the CONSOLE 
DATA REGISTER SELECT 
selector to DATA. 


Set the LOAD SELECT switch to 
PRIMARY (for disc load). 


Place disc pack on the disc drive 
and enable power to the drive 
selected as logical O by pressing the 
START switch. (Ensure that the 
READ ONLY switch is pressed.) 


STEP 5 Press the RESET/LOAD 
pushbutton. Disc data will be 
loaded in sequential locations 
starting at address 00004g into 
both CS and the FRJ Decode 
Address Table, automatically 
followed by a load of MS. 


LOADING CONTROL STORAGE FROM CARD 
READER 


Loading control storage (CS) from cards can be performed 
in one of two ways: from a power on condition or by 
using the RESET/LOAD pushbutton. Essentially, the 
power-on condition loads CS when power is initially 
applied to the system (pressing the POWER ON push- 
button); using the RESET/LOAD pushbutton loads CS in 
the same manner as pressing the POWER ON pushbutton 
but it is after power is already on. Each of the two ways 
depends in which operating mode the panel has been 
placed: operator mode or program mode. Generally, the 
operator mode provides the maximum amount of internal 
hardware control with the least amount of operator 
intervention. In contrast, the program mode requires 
greater amount of operator intervention but offers greater 
amount of flexibility inusing the Panel controls. 


Power On Condition 


Operator Mode 


STEP 1 Set the LOAD SELECT switch to 
ALTERNATE (for card reader 
load). 

STEP 2 Press the POWER ON pushbutton. 

STEP 3 Set the PROGRAM MODE 


pushbutton to the off position. 


STEP 4 Place microprogram card deck in 
the card reader and press the 
START pushbutton on the card 
reader. Card data will be loaded in 
sequential locations starting at 
address 000016 into both CS and 
the FRJ Decode Address Table. 
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Program Mode 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


Set the LOAD SELECT switch to 
ALTERNATE (for card reader 
load). 


Press the POWER ON pushbutton. 


Set the PROGRAM MODE 
pushbutton to the ON position. 


Set the CONSOLE MODE SELECT 
selector to OFF and the CONSOLE 
DATA REGISTER SELECT 
selector to DATA. 


Place microprogram card deck on 
the card reader and press the 
START pushbutton on the card 
reader. Card data will be loaded in 
sequential locations starting at 
address 0000;¢ into both CS and 
the FRJ Decode Address Table, 
automatically followed by a load of 
MS. 


Reset/Load Condition 


Operator Mode 


Program Mode 
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STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 1 


Set the PROGRAM MODE 
pushbutton to the OFF position. 


Set the LOAD SELECT switch to 
ALTERNATE (for card reader 
load). 


Place microprogram card deck in 
the card reader and press the 
START pushbutton on the card 
reader. 


Press the RESET/LOAD 
pushbutton. Card data will be 
loaded in sequential locations 
starting at address 000046 into 
both CS and the FRJ Decode 
Address Table. 


Set the PROGRAM MODE 
pushbutton to the ON position. 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


Set the CONSOLE MODE SELECT 
selector to OFF and the CONSOLE 
DATA REGISTER SELECT 
selector to DATA. 


Set the LOAD SELECT switch to 
ALTERNATE (for card reader 
load). 


Place microprogram card deck in 
the card reader and press the 
START pushbutton on the card 
reader. 


Press the RESET/LOAD 
pushbutton. Card data will be 
loaded in sequential locations 
starting at address 000046 into 
both CS and the FRJ Decode 
Address Table. 


LOADING MAIN STORAGE FROM DISC 


Loading main storage (MS) from the disc can be accom- 
plished in one of three ways: from a power on condition, 
by using the RESET/LOAD pushbutton, or by using the 
AUTOLOAD pushbutton. An MS load occurs auto- 
matically, if CS was loaded from a power on or reset/ 
load condition, after the CS and FRJ decode address 
table is loaded. Therefore, only the procedure for per- 
forming an MS load using the AUTOLOAD pushbutton 
(in either the program mode or operator mode) is given 


here. 


NOTE 


Control storge must have been previously loaded to 
perform this operation. 


STEP 1 


STEP 2 


STEP 3 


Set LOAD SELECT switch to 
PRIMARY (for disc load). 


Place disc pack on the disc drive 
selected as logical O and apply 
power by pressing the START 
switch. (Ensure that the READ 
ONLY switch is pressed.) 


Press AUTOLOAD pushbutton. 
Disc data will be loaded into MS in 
sequential locations starting at 
address 000044. 


LOADING MAIN STORAGE FROM CARD READER 


At the present time, MS cannot be loaded from the card 
reader in either the operator or program mode. 


READING MAIN STORAGE 


Preconditionst 


NOTE 


Control storage must have been previously loaded 
to perform this operation. y 


1. PROGRAM MODE _pushbutton/indicator 
switch on. 


2. CONSOLE MODE SELECT selector at 
MS-RD. 


3. CONSOLE CONTROL SELECT switch at 
STOP/STEP. 


4. CONSOLE ADDRESS REGISTER SELECT 
selector at ADDRESS. 


5. CONSOLE DATA REGISTER SELECT 
selector at DATA. 


Procedure 


STEP 1 Press CLEAR ADDRESS _ push- 
‘button. 


STEP 2 Set the address of the main storage 
location to be read via the CON- 
SOLE ADDRESS REGISTER 
DISPLAY pushbuttons. 


STEP 3 Press the CONSOLE RUN push- 
button. Contents of selected lo- 
cation will be displayed in the 
CONSOLE DATA REGISTER DIS- 
PLAY indicators, 


STEP 4 To read up to an address, enter 
address into BREAKPOINT AD- 
DRESS SELECT selectors. Position 
CONSOLE CONTROL SELECT 
switch at BREAKPOINT and press 
CONSOLE RUN pushbutton. 


STEP 5 To step through individual storage 


locations, repeat Step 4, except 
position CONSOLE CONTROL 
SELECT switch at STOP/STEP. 
Contents of each storage location 
will be displayed in sequence each 
time CONSOLE RUN pushbutton 
is pressed. 


STEP 6 To dynamically read a_ storage 


location in the normal (continuous) 
mode, enter the word address of 
the location into the CONSOLE 
ADDRESS REGISTER DISPLAY 
pushbuttons with bit position 15 
set. Set the CONSOLE CONTROL 
SELECT switch at the NORMAL 
Position and press the CONSOLE 
RUN pushbutton. The contents 
of the storage location entered in 
the CONSOLE ADDRESS REGIS- 
TER DISPLAY pushbuttons will 
be continuously displayed in the 
CONSOLE DATA REGISTER 
DISPLAY indicators. 


WRITING MAIN STORAGE 


NOTE 


Control storage must have been previously loaded 
to perform this operation. 


Preconditions 


1. 


Tin all procedures listed, preconditions must be satisfied before 


PROGRAM MODE _pushbutton/indicator 
on. 


CONSOLE MODE SELECT selector at 
MS-WR. 


CONSOLE CONTROL SELECT switch at 
STOP/STEP. 


CONSOLE ADDRESS REGISTER SELECT 
selector at ADDRESS. 


CONSOLE DATA REGISTER SELECT 
selector at DATA. 


the procedure can be executed. 
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Procedure 


STEP 1 


STEP 2 


STEP 3 


STEP 4 


STEP 5 


STEP 6 


STEP 7 


Press CLEAR ADDRESS and 
CLEAR DATA pushbuttons. 


Set the address of the main storage 
location to be written via the 
CONSOLE ADDRESS REGISTER 
DISPLAY pushbuttons. 


Set the data to be written on the 
CONSOLE DATA REGISTER 
DISPLAY pushbuttons. 


Press the CONSOLE RUN push- 
button. Contents of the CONSOLE 
DATA REGISTER DISPLAY will 
be written at the address specified 
in the CONSOLE ADDRESS REG- 
ISTER DISPLAY. 


To write the data register contents 
into all storage locations, set 
CONSOLE CONTROL SELECT 
switch to the NORMAL position 
and press the CONSOLE RUN 
pushbutton. 


To write a block ot data, enter 
starting address of block via the 
CONSOLE ADDRESS REGISTER 
SELECT pushbuttons and ending 
address via the BREAKPOINT AD- 
DRESS SELECT selectors. Position 
CONSOLE CONTROL SELECT 
switch at BREAKPOINT and press 
the CONSOLE RUN pushbutton. 
Contents of the data register will 
be written in sequence in all lo- 
cations within the block. 


To write data into individual 
storage locations within the block, 
repeat Step 6, except set the CON- 
SOLE CONTROL SELECT switch 
at STOP/STEP. Contents of the 
data register will be written in 
individual locations in the sequence, 
each time the CONSOLE RUN 
pushbutton is pressed. 


READING REGISTERS OF REGISTER FILES 
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Control storage must have been previously loaded 


NOTE 


to perform this operation. 


Preconditions 


1. PROGRAM MODE _pushbutton/indicator 


on. 


2. CONSOLE MODE SELECT selector at RF- 


RD. 


3. CONSOLE CONTROL SELECT switch at 
STOP/STEP. 


4. CONSOLE ADDRESS REGISTER SELECT 
selector at ADDRESS. 


5. CONSOLE DATA REGISTER SELECT 
selector at DATA. 


Procedure 
STEP 1 


STEP 2 


STEP 3 


STEP 4 


t The Group III registers of the extended register file may not be 


Press CLEAR ADDRESS push- 


button. 


Set processor state number and 
number of the register in basic file 
or extended file (Group ! or WIT) via 
the CONSOLE ADDRESS REGIS- 
TER SELECT pushbuttons as 
shown in Figure 5-2. The addresses 
of basic file and extended file, 
Groups | and I! are listed in Figure 
5-3. 

Press CONSOLE RUN pushbutton. 
Contents of selected register will be 
displayed in the bits 00 through 15 
indicators of the CONSOLE DATA 
REGISTER DISPLAY. 


To dynamically read a register in 
the normal (continuous) mode, re- 
peat Steps 1. through 3, except set 
the CONSOLE CONTROL SE- 
LECT switch at the NORMAL posi- 
tion. The CONSOLE DATA REG- 
ISTER DISPLAY indicators will 
continuously display the register 
contents as the running processor 
alters the contents. 


addressed by this mechanism. 


LOADING REGISTERS OF REGISTER FILES 


Preconditions 


NOTE 


Control storage must have been previously loaded 
to perform this operation. 


1. PROGRAM MODE. pushbutton/indicator NOTE 


on. 
Control storage must have been previously loaded 
2. CONSOLE MODE SELECT selector at RF- to perform this operation. 
WR. 
1. PROGRAM MODE _ pushbutton/indicator 
3. CONSOLE CONTROL SELECT switch at on. 
STOP/STEP. 


2. CONSOLE MODE SELECT selector at RO- 
4. CONSOLE ADDRESS REGISTER SELECT RD. 
selector at ADDRESS. 
3. CONSOLE CONTROL SELECT switch at 
5. CONSOLE DATA REGISTER SELECT STOP/STEP. 
selector at DATA. 
4. CONSOLE ADDRESS REGISTER SELECT 
. selector at ADDRESS. 
Procedure 
5. CONSOLE DATA REGISTER SELECT 
STEP 1 Press CLEAR ADD RESS and selector at DATA. 
CLEAR DATA pushbuttons. 


STEP 2 Set processor state number and 
number of the register in basic file 
or extended file (Group | or IIT) via 


the CONSOLE ADDRESS Procedure 
REGISTER DISPLAY pushbuttons 
as shown in Figure 5-2. The STEP 1 Press CLEAR ADDRESS button. 
addresses of the basic files and 
extended file registers are listed in STEP 2 Set feature number, processor state 
Figure 5-3. number, and register number via 
the CONSOLE ADDRESS REGIS- 
STEP 3 Set data to be loaded via the 00 TER DISPLAY pushbuttons as 
through 15 pushbuttons of the shown in Figure 5-4. There are two 
CONSOLE DATA REGISTER DIS- basic register address formats, de- 
PLAY. pending on the feature selected. 
STEP 4 Press CONSOLE RUN pushbutton. 
Contents of the CONSOLE DATA 
REGISTER DISPLAY will be load- tThe 1/O registers of the extended register file may not be 
ed into the selected processor regis- addressed by this mechanism. 
ter, 
123 4 | 5 6| 7 [s 9 10 11 12 13 14 15 The first format is used to address 
feature registers associated with 
Register particular processor states. This 
feature number only. Addresses of 
= extended register designator (signifies extended all registers in the register option 
register when set, basic register when clear). are shown in Figure 5-5. 


Figure 5-2. Register File Address Format 
STEP 3 Press CONSOLE RUN pushbutton. 


READING REGISTERS OF REGISTER OPTION Contents of selected register will be 
displayed in the CONSOLE DATA 
REGISTER DISPLAY indicators. 
(Contents of 4-bit registers will be 
Preconditions right-justified.) 


5-15 


LOAD 


ING REGISTERS OF REGISTER OPTION 


Preconditions 


1. 


NOTE 
Control storage must have been previously loaded to 


perfrom this operation. 


PROGRAM MODE pushbutton/indicators 
on. 


2. CONSOLE MODE SELECT selector at RO- 
WR. 

3. CONSOLE CONTROL SELECT switch at 
STOP/STEP. 

4. CONSOLE ADDRESS REGISTER SELECT 
selector at ADDRESS. 

5. CONSOLE DATA REGISTER SELECT 
selector at DATA. 

Procedure 


STEP 1 Press CLEAR ADDRESS and 


CLEAR DATA pushbuttons. 


STEP 2 Set feature number, processor 


state number, and register number 
via the CONSOLE ADDRESS REG- 
ISTER DISPLAY pushbuttons as 
shown on Figure 5-4. Addresses of 
all registers of the option are listed 
in Figure 5-5. 


STEP 3 Set the data to be loaded via the 


CONSOLE DATA REGISTER 
DISPLAY pushbuttons. (Data to be 
set into 4-bit registers should be 
right-justified in the display.) 


STEP 4 Press CONSOLE RUN pushbutton. 


Contents of the CONSOLE DATA 
REGISTER DISPLAY will be 
loaded into the selected register. 


READING SHARED RESOURCES REGISTERS 
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Preconditions: PROGRAM MODE indicator on. 


Procedure 


STEP 1 Press CLEAR ADDRESS and 
CLEAR DATA pushbuttons. 


NOTE 


Only the S and ADDR positions of the 
CONSOLE ADDRESS REGISTER 
SELECT selector and the B/A and 
DATA positions of the CONSOLE 
DATA REGISTER SELECT selector 
may be enabled in the program mode. 


STEP 2 Set either CONSOLE ADDRESS 
REGISTER SELECT or CONSOLE 
DATA REGISTER SELECT 
selector to the register to be read. 
The contents of the register 
selected will be dynamically 
displayed in either the CONSOLE 
ADDRESS or CONSOLE DATA 
REGISTER DISPLAY indicators. 


EXECUTING PROGRAMS 


Precondition: PROGRAM MODE indicator on. 


Procedure 


STEP 1 Use the previously described 
Loading-Register-of-Register-F ile 
procedure to load specified main 
storage starting address into the 
P-Register (RQ) of the processor to 
be run. 


CONSOLE ADRS REG 


012 31/4 5 6 7;8 9 10 11}12 13 14 15 


Ro ee ee 


CONSOLE DATA REG 


0 MS Starting Address 15 | 


NOTE STEP 5* If processor state is set to the 
breakpoint mode, select breakpoint 


If it is specified that the processor should start at a address on BREAKPOINT 

particular location other than micro-program ADDRESS SELECT selectors and 

position 000046 in control storage, use the select type of breakpoint on READ 

procedure in STEP 2 to load the address of this INSTR, READ DATA, or WRITE 
location into Pu via the CONSOLE DATA DATA switches. 

REGISTER DISPLAY pushbuttons. 

STEP 6 Press PROCESSOR RUN 

STEP 2 Use the Loading-Register-of- pushbutton. Selected processor 

Register-File procedure to load state will execute machine-language 

0000;¢6 into the P -Register instructions commencing at 

(extended R1) of the processor? to location contained in its P-Register. 

be run: (If the PROCESSOR CONTROL 


SELECT switch is set to the 

STOP/STEP position, only one 
CONSOLE ADRS REG machine language instruction is 
10 11112 13 14 15 executed each time the 
PROCESSOR RUN pushbutton is 
pressed. The STOP/STEP position 
also disables t/O-originated start 


0 


1 


2 314 & 6 7{8 9 


CONSOLE DATA REG signals (REQUEST and 
0 15 ATTENTION) for processor states 
[eo co 000000000 00 0] 0 through 3.) 
NOTE 
T 1 no other processor states are in use (execu tingj1| subroutines), 
the SYSTEM RESET button may be used instead to clear PUL Selecting the breakpoint mode for processor state 4 
(it clears the P {A of all processor states). will stop and lock out all processor 4 start signals 
except those originating from the panel. 
STEP 3 Select processor state on the 
PROCESSOR SELECT selector. STEP 7 Repeat steps 1 through 6 for other 
processors to be run. 
STEP 4* Select mode of operation on 
appropriate PROCESSOR 
CONTROL SELECT SELECT *Steps 4 and 5 may be executed after Step 6 for Program stop/ 
switch. step or breakpoint operations. 


‘5-17, 


O = BASIC REGISTER FILE 


1 = EXTENDED REGISTER FILE 


Noa gdawaNn = © 


PROCESSOR STATE 0 
PROCESSOR STATE 1 
PROCESSOR STATE 2 
PROCESSOR STATE 3 
PROCESSOR STATE 4 
PROCESSOR STATE 5 
PROCESSOR STATE 6 
PROCESSOR STATE 7 


- CONDITION 


ads 848 88948 


BASIC REGISTER FILE 
- GENERAL PURPOSE 0 
- GENERAL PURPOSE 7 


- PROGRAM ADDRESS 
TRANSIENT (TO) 


TRANSIENT (TS) 
TRANSIENT (T6) 


TRANSIENT (T21) 


12 394 6 6 796 8 10 12 13 14 16 


Register 


BUSY/ACTIVE 
REAL TIME CLOCK 
TIE-BREAKER 
PARITY ERROR 
CONTROL 
PRIVILEGED 


BOUNDARY CROSSING 
CONTROL STORAGE SCAN 


CONSOLE ADDRESS 
CONSOLE DATA 
UNASSIGNED 


UNASSIGNED 


Figure 5-3. Register File and Associated Register Addresses 


EXTENDED REGISTER FILE 


GROUP | 


GROUP I! 


0 1 2 3 4 5 6 7 8 9 10 11 #12 #139 «14 «15 


0 0 O 0] GROUP jo 0 0 0 0 O 20 ADDRESS MODE, PE TAG, MS 
DATA, LOG, GENERATED CHECK 
BITS, AND READ CHECK BITS 
REGISTERS 


Figure 5-4. Format: Registers of Register Option 


BASIC PROTECTION 


FEATURE 


JOB ACCOUNTING 
FEATURE 


ates 


ALL REGISTER ADDRESSES IN HEXADECIMAL FORM. 


JOB 
ACCOUNTING 
REG. FILE 
(GROUP 6) 
wood wo! 


BOUNDS 
REG. 

(GROUP 

5) 


Figure 5-5. Addresses: Registers of Register Option 


APPENDICES 


A. INSTRUCTION SUMMARY 
and EXTENDED MNEMONIC CODES 


The following symbols are used to define the source operands of the instruction set. 


RA general register number, 0-7. The register may be used as a sending or receiving field (0-7), or 
as an index register (1-7 only). 


E Extended register, 0-15. (For RDX and WRX only.) 
M Amemory address, 0-65,535. 


| An immediate value; the value varies depending on the instruction. The value may represent an 
amount used in an arithmetic operation, a shift count, a skip count, or a bit number. 


L Field length, 0-255 (for MOVL: 0-65,535), an optional feature. For certain instructions the 
jength of an operand field may be defined in the instruction. The length specified in the 
instruction overrides any previous field length definition, but is only in effect for that 
instruction. 


@ An at-sign in a source operand indicates indirect addressing, an optional feature. For the 
instructions in which a register is a sending or receiving field, the at-sign indicates indirect 
addressing for Ry or Ro. If a field in memory is the sending or receiving field, the at-sign 
indicates indirect addressing of My or Mo. 


( 


— 


Index registers and field lengths are optional; they are enclosed by parentheses in a source 
operand. A source operand using both an indexing and a field length specification would be 
represented like this: Mz(L4,R4). The comma in the parentheses must not only be coded when 
both the length and index register are used, but also if either one of them is used, as follows: 
My(Ly,) or Mq(,R4). This enables the assembler to distinguish between the two specifications 
in parentheses. 


e@ A bullet following an instruction name indicates the operands are byte-addressable; all other 
operands are word-addressable only. 


GENERAL-PURPOSE INSTRUCTIONS 
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ARITHMETIC 


Mnemonic 


ADD 
ADDD 
ADDI 
ADDK 
ADDM 
ADDR 
ADDT 
DIV 
DIVD 
DIVI 
DIVK 
DIVM 
DIVR 
MPY 
MPYD 
MPY| 
MPYK 
MPYM 
MPYR 
SUB 
SUBD 
SUBI 
SUBK 
SUBM 
SUBR 
SUBT 
ZADK 


Name 


Add Memory — Register 
Add Direct 

Add Immediate 

Add Packed Decimal e 

Add Memory — Memory 
Add Register — Register 
Add Two-Word 

Divide Memory — Register 
Divide Direct 

Divide Immediate 

Divide Packed Decimal @ 
Divide Memory — Memory 
Divide Register — Register 
Multiply Memory — Register 
Multiply Direct 

Multiply Immediate 
Multiply Packed Decimal e 
Multiply Memory — Memory 
Multiply Register — Register 
Subtract Memory — Register 
Subtract Direct 

Subtract Immediate 
Subtract Packed Decimal @ 
Subtract Memory — Memory 
Subtract Register — Register 
Subtract Two-Word 

Zero and Add e 


BIT-ORIENTED INSTRUCTIONS 


Mnemonic 


IBIT 
ROFR 
RONR 
SBIT 
RBIT 
TBIT 
TOFR 
TONR 


Name 


Invert Bit e 
Reverse Off-Bit 
Reverse On-Bit 
Set Bit e 

Reset Bit e 
Test Bit @ 

Test for Off-Bit 
Test for On-Bit 


BOOLEAN LOGIC INSTRUCTIONS 


Mnemonic 


AND 
ANDD 
ANDI 
ANDM 
ANDR 


Name 


Logical Product Memory — Register 
Logical Product Direct 

Logical Product Immediate 

Logical Product Memory — Memory 
Logical Product Register — Register 


Code 


Code 


BF 
6F 
6D 
BC 
BD 
BE 
6E 
6C 


Code 


A5 
BS 
35 
65 
25 


Length 


DANA ANAAN DAN APA NDA NAARPANHAAN AA 


Length 


NON PPAPN ND AF 


Length 


NOn bh bh 


Operands 


@M 4(R4),@Ro 

14(Ry ),@Ro 

14,@R9 
M41(L4,R4),Mo(Lo,R9) 
@M (R4),@M9(R9) 
@R7,@R4 
@M4(R4),@Ro 
@M1(R4},@Ro 
14(R4),@Ro 

14,@R9 
M41(L4,R4),Mo(bo,R9) 
@M4(R4),@Mo(Ro) 
@R1,@R2 
@M4(R4),@Ro 
14(R4),@Ro 

14,@R9 
M4(L7,R4),Mo(Lo,R9) 
@M4(R4),@M>(Ro) 
@R1,@Ro 
@M4(R7),@R2 
1(R4),@Ro 

1,,@R95 
M4(L4,R4),Mo(L9,R9) 
@M4(R7),@Mo(R>) 
@R1,@Ry 
@M4(R4),@Ro 
M4(L7,R4),Mo(Lo,R9) 


Operands 


@M, (R4),19 
@R1,@R9 
@R1,@Ro 
@M4(R4),l9 
@M,(R}),I9 
@M4(R4),19 
@R1,@Ro 
@R1,@R9 


Operands 


@M4(R4),@Ro 
14(R4),@Ro 
14,@R9o 

@M 1(R4),EMa(R9) 
@R1,@Ro 


BOOLEAN LOGIC INSTRUCTIONS (Continued) 


Mnemonic 


EOR 
EORD 
EORI 
EORM 
EORR 
IOR 
IORD 
IORI 
1IORM 
IORR 


Name 


Exclusive OR Memory — Register 
Exclusive OR Direct 

Exclusive OR Immediate 
Exclusive OR Memory — Memory 
Exclusive OR Register — Register 
Inclusive OR Memory — Register 
Inclusive OR Direct 

Inclusive OR Immediate 

Inclusive OR Memory — Memory 
Inclusive OR Register — Register 


BRANCHING INSTRUCTIONS 


BSR 
SB 
SF 
SCFB 
SCFF 
SCTB 
SCTF 
SRMB 
SRMF 
SRPB 
SRPF 
SRNB 
SRNF 
SRZB 
SR2ZF 


Branch (post-indexing) 

Branch Add One 

Branch Add Two 

Branch on Condition Register False 
Branch on Condition Register True 


Branch Unconditional (pre-indexing) 


Branch if Bit Off . 

Branch if Bit On 

Branch to Address in Register 
Branch if Register is Not Zero 
Branch if Register is Zero 

Branch Subtract One 

Branch Subtract Two 

Branch and Save Return 

Skip Back — Unconditional 

Skip Forward — Unconditional 
Skip on Condition False — Back 
Skip on Condition False — Forward 
Skip on Condition True — Back 
Skip on Condition True — Forward 
Skip if Register Minus — Back 

Skip if Register Minus — Forward 
Skip if Register Plus — Back 

Skip if Register Plus — Forward 
Skip if Register Not Zero — Back 
Skip if Register Not Zero — Forward 
Skip if Register Zero — Back 

Skip if Register Zero — Forward 


COMPARE INSTRUCTIONS 


Mnemonic 


CBY 
CBYM 
CMP 
CMPD 
CMPI 
CMPK 


Name 


Compare Byte Memory — Register @ 
Compare Byte Memory — Memory 
Compare Memory — Register 
Compare Direct 

Compare Immediate 

Compare Packed Decimal e 


Code 


A6 
B6 


Code 


FQ 
6B 
Al 
B1 
31 
51 


Length 


NOON HPAPHYOONM 2 fH 


NONNMONONNNONNHONHNONNONN AP HAAPHPANOD HAA AA HAHAHA 


Length 


On lh hf 


Operands 


@M4(R4),@R9 
14(R4),@Ro 
14,@R9 
@M4(R1),@M9(R9) 
@R1,@Ro 
@M4(R4),@Ro 
14(R4),@Ro 
14,@R9 
@M4(R4),@M (Ro) 
@R1,@Ro 


@M4(R4) 
@M4(R7),@Ro 
@M4(R1),@Ro 
@M4(R4),10 
@M4(R4),I9 
@M4(R4) 
@M4(R4),19 
@M4(R4),I9 
@R, 
@M4(R4),@Ro 
@M4(R4),@Ro 
@M,(R7),@Ro 
@M 4(R1),@Ro 
@M,(R7),@Ro 


Operands 


@M4(R4),@R9 

@M 4(R4),@M(R9) 
@M4(R4),@Ro 
14(R4),@R2 
14,@R9 


M4(L4,R4),.Mo(Lo,R9) 


COMPARE INSTRUCTIONS (Continued) 


Mnemonic Name Code Length Operands 
CMPM Compare Memory — Memory 61 6 @M4(R7),@M(Ro) 
CMPR Compare Register — Register 21 2 @R1,@Ryo 
CMPT Compare Two-Word 71 4 @M4(R7),@R> 
CMPX Compare Characters 55 8 M4(L4,R4),Mo(Lo,R9) 


CONTROL INSTRUCTIONS (General Purpose Control instructions can be used at any time without preconditions; 
compare with System Control instructions.) 


NOP No Operation EE 4 
RDX Read Extended Register FO 2 E1,R9 
SR Service Request 13 2 @l, 
DATA CONVERSION INSTRUCTIONS 
CVB Convert to Binary e AA 4 @M4(R4),Ro 
CVBT Convert to Binary Two-Word @ AA 4 @M4(R4),Ro 
CVD Convert to Decimal @ AB 4 @M4(R4),Ro 
CVDT Convert to Decimal Two-Word @ AB 4 @M4(R4),Ro 
EDTX Packed Decimal/Alpha Edit e 57 8 M4(L4,R4),Mo(b2,R9) 
PAKX Pack e 58 8 M4(L4,R4),Mo(Lo,R9) 
UNPX Unpack @ 59 8 M4(L7,R4),Mo(L2,R9) 
TRNX Translate e 56 8 M4(R4),Mo(l-2,R9) 
DATA TRANSFER INSTRUCTIONS 
CLDR Condition Register Load 2B 2 @R; 
CSTR Condition Register Store 2A 2 @R, 
INV Inverse Move Memory — Register A4 4 @M4(R4),@Ro 
INVD Inverse Move Direct B4 4 14(R4),@Ro 
INVI Inverse Move Immediate 34 2 14,@R9 
INVM Inverse Move Memory — Memory 64 6 @M4(R7),@Mo(R2) 
INVR Inverse Move Register — Register 24 2 @R7,@R9 
LOD Load Memory — Register AO 4 @M4(R4),@Ro 
LODB Load Byte e F7 4 @M4(R41),@Ro 
LODD Load Direct BO 4 14(R4),@R9 or 
M, (R4),@R2 
LODI Load Immediate 30 2 14,@Ro 
LODT Load Two-Word 70 4 @M 4(R4),@Rg 
MOVB Move Byte @ 6A 6 @M4(R4),@M9(R2) 
MOVL Move Longe 5A 8 M4(L4,R4),Mo(Ro) 
MOVM Move Memory — Memory 60 6 @M4(R4),@M9(Ro) 
MOVR Move Register — Register 20 2 @R1,@Ro 
MOVX Move Characters @ 54 8 M4(L4,R4),Mo(bL2,R9) 
PSTR Program Address Store 3A 2 @R, 
STO Store Memory — Register FA 4 @M4(R4),@R2 
STOB Store Byte e F8 4 @M4(R7),@R9 
STOT Store Two-Word FB 4 @M1(R1),@R2 


SHIFT INSTRUCTIONS 


' Mnemonic 


ARDI 


ARDR: 


ARSI 
ARSR 


LLDI 
LLDR 
LLSI 
LLSR 
LRDI 
LRDR 
LRSI 
LRSR 
RLDI 
RLDR 
RLSI 
RLSR 
SHFK 


Name 


Arithmetic Right Double Shift — Immediate 
Arithmetic Right Double Shift — by 
Register 

Arithmetic Right Single Shift — Immediate 
Arithmetic Right Single Shift — by 
Register 

Logical Left Double Shift — Immediate 
Logical Left Double Shift — by Register 
Logical Left Single Shift — Immediate 
Logical Left Single Shift — by Register 
Logical Right Double Shift — Immediate 
Logical Right Double Shift — by Register 
Logical Right Single Shift — Immediate 
Logical Right Single Shift — by Register 
Rotating Left Double Shift — immediate 
Rotating Left Double Shift — by Register 
Rotating Left Single Shift — Immediate 
Rotating Left Single Shift — by Register 
Shift Packed Decimal © 


FLOATING POINT INSTRUCTIONS (OPTIONAL) 


ADDF 
CMPF 
DIVF 
FLTF 
INTF 
LODF 
MPYF 
NEGF 
STOF 
SUBF 


Add Floating Point 

Compare Floating Point 
Divide Floating Point 

Convert Fixed to Float 
Convert Float to Fixed 

Load Floating Point Register 
Multiply Floating Point 
Negate Floating Point Register 
Store Floating Point Register 
Subtract Floating Point 


SYSTEM INSTRUCTIONS 


CONTROL INSTRUCTIONS 


CTB 
TST 
BCM 
RAR 
WAR 
RRO 
WRO 
SAR 


RSAR 


Clear Tie-Breaker Register 

Test and Set Tie-Breaker Register 
Branch to Control Memory 

Read Any Register 

Write Any Register 

Read Register — Option Register 
Write Register — Option Register 
Save All Registers 


Restore All Registers 


Code 


5F 
3F 


Length 


NR 


ON NNDNMNNNN NM NN NY 


PAN AANONO HA HL 


PAB HP BM ND NH 


p~S 


Operands 


I Ro 
@R1,R9 


14,R9 
@R1,R9 


14,R9 
@Ry,Ro 
Iy,R9 
@R4,Ro 
14,R9 
@R1,R9 
14,Ro 
@R1,R9 
14,R9 
@R4,R9 
17,R9 
@R1,Ro 
M4(L4,R4),19(RQ) 


@M,(R4),Ro 
@M4(R4) 
@M4(R4),Ro 
@R, 
@R4,R9 
@M4(R4),Ro 
@M4(R4),Ro 


@M4(R4) 
@M4(Ry),R5 


14(R4),@Ro 

M4(R4),I9 or 
M4(R4),@R2 
M4(R4),19 or 
M1(R4),@R9 
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SBA Set Busy/Active Register 10 2 14,19 or @Ry,I9 
RBA Reset Busy/Active Register 10 2 14,19 or @Rq,l9 
SCN Set Contro! Register 14 2 14,19 or @Ry,I9 
RCN Reset Contro! Register 14 2 14,19 or @Ry,I9 
SPM Set Privileged Mode Register 15 2 14,2 or @Ry,!9 
RPM Reset Privileged Mode Register 15 2 14,9 or @R1,19 
WRX Write Extended Register FO 2 E,,Ro 

1/0 INSTRUCTIONS 
DIO Disc Input/Output F2 2 @R1,R9 
INP Input from I/O Register F5 2 1,,@Ro 
OUT Output to I/O Register F6 2 14,@Ro 
RDC Communications Input/Output F3 2 
WRC Communications Output F4 2 R7,R9 
SiO System Input/Output F1 2 @R1,Rq 


EXTENDED MNEMONIC CODES 


The assembler provides extended mnemonic codes which allow unconditional skips, and conditional skips 
and branches to be written in a symbolic form that is easier to use than the machine-oriented forms 
specified for skips and branches. There are two reasons why these extended instructions are easier to use 
than the standard instructions: 


1. Extended mnemonic codes for skip instructions do not have an F or B, as in SRPF, to denote the 
direction of the skip. Instead, the assembler determines the direction by the memory address or 
immediate value in the operand, for example: SRP THERE or S -8. 

2. Extended mnemonic codes for branch and skip instructions that involve condition register testing 
specify the condition in the mnemonic, such as SOV for skip if overflow. The standard machine 
instruction names the direction and the bit status in the mnemonic, and the actual bit number 
tested in the operand. Thus, the extended instruction SOV 4 is the same as the standard 
instruction SCTF 4,0. 


An extended mnemonic code does not correspond to one specific function code in the repertoire of 
machine instructions. 


The extended instructions and the standard machine instruction(s) they replace are presented in the 
following tables: 


e Address-Coded Skips 

e After Arithmetic Instructions 

e After Compare Instructions-Arithmetic Test 
e After Compare Instructions-Logical Test 

e After Decimal Instructions 

e After PAKX Instruction 

e After TBIT Instruction 


e Condition Register Test 
Just as for the standard instructions, indirect addressing and indexing are always optional for the extended 
instructions. 
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ADDRESS CODED SKIPS 


Extended Code Machine Instruction Meaning 

S M, or |y SF ly Skip forward or backward 
SB ly 

SRZ My,Ro or 14,R9 SRZF 14,R9 Skip if reg. is zero, forward 
SRZB 14,R9 or backward 

SRN My4,Rq or 14,R9 SRNF 14,R9 Skip if reg. is non-zero for- 
SRNB 14,Ro ward or backward 

SRP M1,R or 14,R9 SRPF 14,R9 Skip if reg. is plus, forward 
SRPB 14,Ro or backward 

SRM My,R9 or 14,R9 SRMF 14,Ro Skip if reg. is minus, forward 
SRMB 14,Ro or backward 


For S, the 14 value = -255 through +255; for all other extended mnemonics in this category, |, 
= -15 through +15. 


For SF and SB the I, value = 0-255; for all other regular instructions in this category !4 = 0-15. 


AFTER ARITHMETIC INSTRUCTIONS 


BOV @M 4(R4) BCT @M4(R4),0 Branch if overflow 
BNV @M,(R4) BCF @M,(R4),0 Branch if no overflow 
BCY @M4(R4) BCT @M,4(R4),3 Branch if carry 
BNC @M4(R4) BCF @M,4(R4),3 Branch if no carry 
SOV My, or |y SCTF 14,0 Skip if overflow 
SCTB 1,,0 
SNV M, or ly SCFF 1,,0 Skip if no overflow 
SCFB 14,0 
SCY M, or |y SCTF 14,3 Skip if carry 
SCTB 14,3 
SNC My, or |y SCFF 14,3 Skip if no carry 
SCFB 143 
1, = -15 through +15 for the extended instructions. 


1, = 0-15 for the :egular instructions. 


AFTER COMPARE: INSTRUCTIONS — ARITHMETIC TEST 


The arithmetic test tests the result of a signed arithmetic compare between operand 1 and operand 
2. In the following table, 1 and 2 under Meaning refer to the signed values of operands 1 and 2: 


Extended. Code Machine Instruction Meaning 
BGT @M;(R4) BCT @M4(R4),1 Branch if 1¢GT>2 
BLT @M4 (Ry) BCT @M4(R4),2 Branch if 1<LT>2 


BGE @M (Ry) BCF @M4(R4),2 Branch if KGE>2 


Extended Code Machine Instruction Meaning 


BLE @M,(R4) BCF @M4(R4),1 Branch if KLE>2 

BEO @M4(R4} BCT @M4(R4),3 Branch if 1K EQ>2 

BNE @M4(R1) BCF @M4(R4),3 Branch if 1K NE>2 

SGT M, or ly SCTF 14,1 Skip if 1K GT>2 
SCTB 14,1 

SLT My or ty SCTF 14,2 Skip if 1< LT>2 
SCTB 14,2 

SGE M, or !y SCFF 14,2 Skip if ICGE>2 
SCFB 14,2 

SLE My or |y SCFF 14,1 Skip if 1K LE>2 
SCFB 14,1 

SEQ M, or ly SCTF 14,3 Skip if IK EQ52 
SCTB 14,3 

SNE M, or ly SCFF 14,3 Skip if KNE>2 
SCFB 14,3 


1, =-15 through +15 for extended instructions. 


I, = 0-15 for regular instructions. 


AFTER COMPARE INSTRUCTIONS — LOGICAL TEST 


The logical test tests the results of an unsigned arithmetic (logical) compare between operand 1 and operand 
2. In the following table, 1 and 2 under Meaning refer to the unsigned values of operands 1 and 2. COMPX 
and all variations of the CBY instruction always yield a logical result. 


Extended Code Machine Instruction Meaning 
BLGT @M4(R4) BCT @M4(R4),5 Branch if 1< GT>2 
BLLT @M4(R4) BCT @M4(R4),6 Branch if 1<LT>2 
BLGE @M4(R4) BCF @M 4(R4),6 Branch if 1¢GE>2 
BLLE @M4(R4) BCF @M4(R4),5 Branch if 1C LE>2 
BLEQ @M,(R4) BCT @M4(R4),7 Branch if 1C¢ EQ>2 
BLNE @M4(R4) BCF @M4(R4),7 Branch if IC NE>2 
SLGT M, or ly SCTF 14,5 Skip if 1KGT>2 
SCTB 14,5 

SLLT My, or ly SCTF 14,6 Skip if KLT 52 
SCTB 14,6 

SLGE M, or |y SCFF 14,6 Skip if KGE>2 
SCFB 14,6 

SLLE My, or |4 SCFF 14,5 Skip if 1CLE>2 


SCFB 14.5 


AFTER COMPARE INSTRUCTIONS — LOGICAL TEST (Continued) 


Extended Code Machine Instruction 
SLEQ My orl SCTF 1.7 
SCTB 14,7 

SLNE M, or |, SCFF 14,7 
SCFB 14.7 


I, =-15 through +15 for the extended instructions. 


|, = 0-15 for the regular instructions. 


AFTER DECIMAL INSTRUCTIONS 


BKP @M4(R4) BCT @M4(R4),1 
BKM @M4(R4) BCT @M4(R4),2 
BKZ @M4(R4) BCT @M4(R4),3 
SKP M, or |y SCTF 14,1 

SCTB 14,1 
SKM My or ly SCTF 14,2 

SCTB 14,2 
SKZ M, or |, SCTF 14,3 

SCTB 14,3 


1, =-15 through +15 for the extended instructions. 


|, = 0-15 for the regular instructions. 


AFTER PAKX INSTRUCTION 


BID @M4(R4) BCT @M,(R4),4 
BNI @M4(R4) BCF @M4(R4),4 
SID My or ly SCTF 144 

SCTB 114 
SNI M, or 1 SCFF 11,4 

SCFB 14.4 


1, =-15 through +15 for the extended instructions. 


1, = 0-15 for the regular instructions. 


AFTER TBIT INSTRUCTION 


BBS @M4(R4) BCT @M4(R4),0 
BBR @M4(R4) BCF @M4(R4),0 
SBS My, or ty SCTF I4,0 

SCTB 14,0 
SBR M, or |, SCFF 4,0 

SCFB 14,0 


1, =-15 through +15 for the extended instructions. 


14 = 0-15 for the regular instructions. 


Meaning 


Skip if IK EQ>2 


Skip if KNE>2 


Branch if plus 
Branch if minus 
Branch if zero 


Skip if plus 
Skip if minus 


Skip if zero 


Branch if invalid digit 
Branch if no invalid digit 


Skip if invalid digit 


Skip if no invalid digit 


Branch if bit is set 
Branch if bit is reset 


Skip if bit is set 


Skip if bit is reset 


A-9 


CONDITION REGISTER TEST 


Extended Code Machine Instruction 
SCF My| SCFF iy, 
1, [2 SCFB Iyly 

SCT M, SCTF Iylo 
I, f° 2 SCTB Iylo 


1, =-15 through +15 and I5 = 0-15 for the extended instructions. 


14 and I9 = 0-15 for the regular instructions. 


Meaning 


Skip if bit spec. by | is off 


Skip if bit spec. by Ip is on 


EBCDIC ASCII* 


Hex Hex 
Code Graphic Card Code Code 


00 12-0-1-8-9 
01 12-1-9 
02 12-2-9 
03 12-3-9 
04 12-4-9 
05 12-5-9 
06 12-6-9 
07 - 12-7-9 
08 12-8-9 
09 12-1-8-9 
OA 12-2-8-9 
OB 12-3-8-9 
oc 12-4-8-9 
0D 12-5-8-9 
OE 12-6-8-9 
OF 12-7-8-9 
10 12-11-1-8-9 
11 11-1-9 
12 11-2-9 
13 11-3-9 
14 11-4-9 
15 11-5-9 
16 11-6-9 
17 11-7-9 
18 11-8-9 
19 11-1-8-9 
1A 11-2-8-9 
1B 11-3-8-9 
1c | IFS | 11-4-8-9 
1D | IGS | 11-5-8-9 
1E | IRS 11-6-8-9 
1F | ITB(IUS) | 11-7-8-9 
20 | DS 11-0-1-8-9 
21 0-1-9 
22 0-2-9 
23 0-3-9 
24 0-4-9 
25 0-5-9 


26 EOB/ETB 0-6-9 
27 ESC/PRE 0-7-9 


28 0-8-9 

29 0-1-8-9 
2A 0-2-8-9 
2B 0-3-8-9 
2c 0-4-8-9 
2D 0-5-8-9 
2E 0-6-8-9 


*MRX/OS uses a seven-bit ASCII code. 


2F 
30 
31 

32 
33 
34 
35 
36 
37. 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 
40 
41 

42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 
4D 
4E 
4F 
50 
51 

52 
53 
54 
55 
56 
57 
58 
59 


5B 
5C 


EBCDIC 


EL 


ASCII* 
re 
Card Code re 


0-7-8-9 
12-11-0-1-8-9 
1-9 


No punches 
12-0-1-9 
12-0-2-9 
12-0-3-9 
12-0-4-9 
12-0-5-9 
12-0-6-9 
12-0-7-9 
12-0-8-9 
12-1-8 
12-2-8 
12-3-8 
12-4-8 
12-5-8 
12-6-8 
12-7-8 

12 
12-11-1-9 
12-11-2-9 
12-11-3-9 
12-11-4-9 
12-11-5-9 
12-11-6-9 
12-11-7-9 - 
12-11-8-9 
11-1-8 
11-2-8 
11-3-8 
11-4-8 
11-5-8 


B. EBCDIC and ASCII CODES 


B-1 


B-2 


“—~ area *m~-*O OO FT ®@ 


30% 


EBCDIC 


Graphic 


11-6-8 
11-7-8 
1 
0-1 
11-0-2-9 
11-0-3-9 
11-0-4-9 
11-0-5-9 
11-0-6-9 
11-0-7-9 
11-0-8-9 
0-1-8 
12-11 
0-3-8 
0-4-8 
0-5-8 
0-6-8 
0-7-8 
12-11-0 
12-11-0-1-9 
12-11-0-2-9 
12-11-0-3-9 
12-11-0-4-9 
12-11-0-5-9 
12-11-0-6-9 
12-11-0-7-9 
12-11-0-8-9 
1-8 

2-8 

3-8 

4-8 

5-8 

6-8 

7-8 
12-0-1-8 
12-0-1 
12-0-2 
12-0-3 
12-0-4 
12-0-5 
12-0-6 
12-0-7 
12-0-8 
12-0-9 
12-0-2-8 
12-0-3-8 
12-0-4-8 
12-0-5-8 
12-0-6-8 
12-0-7-8 
12-11-1-8 
12-11-1 
12-11-2 
12-11-3 
12-11-4 


Card Code 


ASCII EBCDIC 


N< xXS< CWE 


-roaotmmooaoap 


Card Code 


12-11-5 
12-11-6 
12-11-7 
12-11-8 
12-11-9 
12-11-2-8 
12-11-3-8 
12-11-4-8 
12-11-5-8 
12-11-6-8 
12-11-7-8 
11-0-1-8 
11-0-1 
11-0-2 
11-0-3 
11-0-4 
11-0-5 
11-0-6 
11-0-7 
11-0-8 
11-0-9 
11-0-2-8 
11-0-3-8 
11-0-4-8 
11-0-5-8 
11-0-6-8 
11-0-7-8 
12-11-0-1-8 
12-11-0-1 
12-11-0-2 
12-11-0-3 
12-11-0-4 
12-11-0-5 
12-11-0-6 
12-11-0-7 
12-11-0-8 
12-11-0-9 
12-11-0-2-8 
12-11-0-3-8 
12-11-0-4-8 
12-11-0-5-8 
12-11-0-6-8 
12-11-0-7-8 
12-0 

12-1 

12-2 

12-3 

12-4 

12-5 

12-6 

12-7 

12-8 

12-9 
12-0-2-8-9 
12-0-3-8-9 


EBCDIC __ | ASCH | EBCDIC ASCII 


Hex Hex 
Graphic Card Code Code | Graphic Card Code Code 


12-0-4-8-9 0-6 
12-0-5-8-9 0-7 
12-0-6-8-9 | E 0-8 
12-0-7-8-9 | 0-9 
11-0 | E 11-0-2-8-9 
11-1 11-0-3-8-9 
11-20 11-0-4-8-9 
11-3 : 11-0-5-8-9 
11-4 11-0-6-8-9 
11-5 | 11-0-7-8-9 
11-6 
11-7 
11-8 
11-9 
12-11-2-8-9 
12-11-3-8-9 
12-11-4-8-9 
12-11-5-8-9 
12-11-6-8-9 
12-11-7-8-9 


DOVGGOZSrAe 


oan OahWN—=— © 
OAOnN AARP WNH— O 


12-11-0-2-8-9 
12-11-0-3-8-9 
12-11-0-4-8-9 
12-11-0-5-8-9 
12-11-0-6-8-9 
12-11-0-7-8-9 


SYMBOLS UNIQUE TO ASCII 


C. HEXADECIMAL ARITHMETIC 


HEXADECIMAL-DECIMAL CONVERSION 


HEX. DEC, | HEX. DEC. | HEX. DEC. 
10 16 


1 1 65536 
2 2 20 32 2000 8192 20000 131072 
3 3 30 48 3000 12288 30000 196608 
4 4 40 64 4000 16384 262144 
5 5 50 80 5000 20480 327680 
6 6 60 96 6000 24576 60000 393216 
7 7 70 112 7000 28672 70000 458752 
8 8 80 128 g000 32768 524288 
9 9 90 144 9000 36864 589824 
A 10 AO 160 A000 40960 A0000 655360 
BO BO 176 BOOO 45056 B0000 720896 
Cc 12 CO 192 co0o08=—_: 49152 786432 
Ds :13 Do 208 pooo © 53248 851968 
E 14 EO 224 E000 =: 7344 E0000 917504 
F415 FO 240 FOOO 61440 FO000 983040 
MULTIPLICATION 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

A A 

B B 

C C 

D D 

E E 

F F 


C-1 


D. MACHINE LANGUAGE INSTRUCTION 


TIMING FORMULAS 


This appendix lists formulas for calculating execution 
times of machine language instructions. Instructions 
are listed by hexadecimal operation code and 
assembler mnemonic. In most cases, times are 
dependent on the type of addressing (direct/indirect) 
used for instruction operands. Formulas for each of 
the addressing combinations possible are listed in the 
headings: 1 refers to operand 1 with direct 
addressing, 2 to operand 2 with direct addressing, @1 
to operand 1 with indirect addressing, and @2 to 
operand 2 with indirect acldressing. A legend of 
meanings of symbols used in the formulas is at the 
end of this appendix. 


D-1 


14 


2D 


2E 


D-2 


Mnemonic 


SBA 


RBA 


TST 


CTB 


SR 


SCN 


RCN 


SPM 


RPM 


MOVR 


CMPR 


ADDR 


SUBR 


INVR 


ANDR 


EORR 


IORR 


MPYR 


DIVR 


CSTR 


CLDR 


LGSS 


LGSS— 


ROSS 


1-2 


T, +6T2 


Ty +3M9 


(Unprivileged 
Bit Set) 


@1-2 


T, + 6T9 


TT, +4T9 


(Unprivileged 


Bit Not Set) 


Ty + 3T (Unprivileged) 


T1+2T2 


T,+7T9 
(processors 4-7) 


T, + 3T5 
(Unprivileged 
Mode) 


T,+T9 
T,+T9 

TT, +T9 
T1+T9 
T,+T9 

T, +T9 
T,+T9 
T1+T9 
2T4+7TotKy 
T1+5TatKg 
T,+T9 
T1+T9 

TT, +T2 
T,+2T9 


T1+T9 


T, +8T9 


(processors 0-3) 


Ty + 6T9 


(Privileged 


Mode) 


374 +6T9+Ky 


27 14+4TotK 


1-@2 


T,+6T9 
T,+4T9 


(Privileged 
Bit Set) 


@1-@2 


T,+6T5 
T, + 5T9 


(Privileged 
Bit Not Set) 


T+ 4T> (Privileged) 


T, +7T9 


(processors 4-7) 


T,+3T9 
(Unprivileged 
Mode) 

27, +T9 
27, +279 
37, +72 
371, +T2 
27, +T9 
37, +T9 
37, +T2 
37, +79 
5T1t5Tot+Ky 
5T4+3T9t+Ko 


27; 


T,+8T9 
(processors 0-3) 


T,+6T9 
(Privileged 
Mode) 
374 

37, +T9 
47 

4T, 

374 

47 

4Ty 

4Ty 
6T4+4T5+Ky 


6T4t+2TotKy 


Hex 
Code 


2F 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 
3A 


3B 


3C 


3D 


3E 


3F 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


Mnemonic 


ARSS— 
LODI 
CMP! 
ADDI 
SUBI 
INVI 
ANDI 
EORI 
IORI 
MPY! 


DIVI 
PSTR 


SHFK 
LGDS 
LGDS— 
RODS 
ARDS— 
SRZ+ 
SRZ— 
SRN+ 
SRN-— 
SRP+ 
SRP— 
SRM+ 
SRM— 
SCR,T+ 


SCR,F+ 


SCR,T- 


SCR ,F— 


1-2 


Ty, +2T9 
Ty + 2T2 
T,+2T9 
Ty, +2T9 
T,+2T9 
T,+2T9 
T, + 2T9 


2T 1 +8To+K 1 


T1+6TotKo 


@1-2 


271, +3T9 


See special formula at end 


T,+5T9 
T,+5T9 
T,+5T9 
TT, +5T9 
T,+3T9 
T,+3T9 
T,+3T2 
1, +3T9 
T1+3T 
T,+3T> 
Ty, +3T2 
T1 +3T 
Ty +3T 
T, +3T 
T,+3T9 


See Note A 


27, +5T 
27; + 5T9 
27, +5T> 


27, +579 


See Note B 


1-@2 @1-@2 


27, +T2 
27, + 2T9 
371, +T9 
371, +T9 
27, +T2 
37, +T2 
37, +T9 
37, +T9 
5T4+5TotKy 
5T4+3T9+Ko 


274 


Note A: T4+T9 if shift 
count = 0 

Note B: 2T,+T9 if shift 
count =0 


T1+T9 if skip not taken 


D-3 


D-4 


Hex 
Code 


4C 


4D 


4E 


4F 
50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5C 


5D 


5E 


5F 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


Mnemonic _ 1-2 @1-2 1-@2 @1-@2 
LGSS,| T1+T9 
LGSS,!— Ty + 2T5 
ROSS, | 1 +T9 
ARSS,|— T,+3T9 
ZADK 
CMPK 
ADDK 
SUBK 
MOVX 
CMPX See special formulas at end 
TRNX 
EDTX 
PAKX 
UNPX 
MOVL 
LGDS,| T,+5T9 
LGDS,|-— T,+5To 
RODS, | ver T1+T2 if shift count = 0 
ARDS,!— T, +5T9 
MOVM 5Ty 6T 6Ty 774 
CMPM 5T,+T9 6T,+T9 6T;,+T2 771, +T9 
ADDM 6T 771 77; 8T 1 
SUBM 6T 774 77, 81, 
INVM 5T4 67; 6T 774 
ANDM 614 774 77; 8T 4 
EORM 6T, 774 774 8T4 
iORM 6T; , 774 77; 87} 
MPYM BT 4t4T otk, «= 914 +4TotKy «= 914 t4TotKy «=—- 10 4 +4 Tot Ky 
DIVM BTyt2ZTatKy =9T4t+2TgtKy «= 9T 4 +2T ot Ka 10T4+2Tot+Ko 


Hex 


Code Mnemonic 1-2 @1-2 | 1-@2 @1-@2 

6A MOVB 574 6T; 6T, 77; 

6B CBYM 5T,+T2 6T,+T2 6T,+T2 77, +T9 

6C TONR Ty +2T9 2T,+2T2 371+ 2T2 471+ 2To 

6D RONR T, + 3 31, +2T2 37; + 3T2 5T, + 275 

6E TOFR Ty +2T2 27; + 2T2 371+ 2T2 4T,+2T2 

6F ROFR T1+3T9 37; + 2T92 371+ 3T9 511+ 2T9 

70 LODT 4T 5Ty 6T 774 

71 CMPT 3.574+T2 4.5T4+T9 5T4+T9 6T14+T2 
(average) (average) (average) (average) 

72 ADDT 4T,+T9 5T,+T2 8T 9Ty 

73 SUBT 4T,+To 57, +T2 8T; OT; 

AO LOD 37, 4Ty 4Ty 5Ty 

Al CMP 374 47 4T,+T9 51, +T2 

A2 ADD 37 4Ty 57; 6Ty 

A3 SUB 37 4Ty 514 6T1 

A4 INV 374 4Ty 4T, 574 

AS AND 37; 4Ty 574 6T1 

A6 EOR 37 4T 574 6Ty 

A7 IOR 37 4Ty 574 6T; 

A8 MPY AT +6TtK, «= STyt+6TotK, «= 7Tyt4TotK, «©—- 8T +4 Ta tKy 

AQ DIV BT yt4TotKy © 4T+4TatKg «= 777 42TotKy «= 8 #2 To tKa 

AA CVB 4T {+46T5 5T1+46T> 

AA CVBT 6T4+90T> 7T4+90T> 

AB CVD 6T,+K3 771+ Kg 

AB CVDT 9T4+38T9+K3 «107 1+38T2+K3 

BO LODD 2T,+T2 374 

BI CMPD 27, +T 3T,+T> 

B2 ADDD 27, +T2 47 

B3 SUBD 27, +T2 474 


D-5 


D-6 


Hex 
Code 


B4 


B5 


B6 


B7 


BS 


B9 


BA 


BB 


BC 


BD 


BE 


BF 


EO 


E1 


E2 


E3 


E4 


E5 


E6 


E7 


E8 


E9 


EA 


EB 


EC 


ED 


EE 


EF 


FO 


Mnemonic 


INVD 
ANDD 
EORD 
{ORD 
MPYD 
DIVD 
SUN+ 
SUN-— 
SBIT 
RBIT 
TBIT 
IBIT 
JRZ 
JRN 
JOF 
JON 
vA1 
JA2 
JS1 
JS2 
JCR,T 
JCR,F 
JSR 
JUNR 
JUN 
JUMP 
NOP 
JCM 


RDX 


1-2 


27, +T2 
27, +T92 
27, +T9 


3T 1 +7TotKy 


2T4+5TotKa 


T1+2T9 
T1+2T9 
4T, 

4T, 

31, +T9 
4T, 

27; 

27; 

27; 

27; 

27, 

27; 

274 

27; 

27; 

27; 

27, +T2 
Ty +T9 
27; 

274 

TT, +T9 
T1+T9 


Ty + 3T9 


@1-2 


5T, 
5T, 
4T1+T9 
5Ty 
314 
37; 
374 
37 
37; 
374 
374 
374 
37 
3T 
37, +T9 
27; 
37; 
3T 


Ty +T9 


1-@2 
374 


AT, 
AT, 
aT, 
BT +4To+K, 


6T4+2T2+Ko 


374 


374 


474 
47, 
474 


47 


314 


Ty +T9 


@1-@2 


47, 


474 


574 
5T4 
574 


574 


474 


Ty + T9 


274 if 
jump 
not 
taken 


Hex 
Code 


FO 


F1 


F2 


F3 


F4 


F5 


F6 


F7 


F8 


FQ 


FA 


FB 


FD 


FD 


FE 


FE 


FF 


FF 


Mnemonic 


WRX 
S10 
D10 
RDC 
WRC 
INP 
OUT 
LODB 
STOB 
CBY 
STO 
STOT 
RRO 
WRO 
RAR 
WAR 
SAR 


RSAR 


1-2 


T1+2T9 
T,+5T9 
Ty, +4T9 
374 
37 
37, +T2 
37 
aT 


37, + 3T9 


27; +3T2 


12T4+22T> 


@1-2 1-@2 @1-@2 

T,+4T9 
271+ 5T9 
27, +479 

47, 47, 5Ty 

4T 4 47, 57; 

4T,+T9 4T,+T92 5T,+T9 

47; 47) 5Ty 

5T4 6T, 774 
4T,+3T 

37, + 3T9 41, +2T9 
317, +3T9 

271, + 3T9 371+ 3T2 

12T,+24T> 


D-7 


D-8 


SPECIAL FORMULAS 


ZADK L2<L1 (6+4L1*ig)T4+111+(10+6L1-2L2)ig] Tp 
L2>L1 [6+(L2+3L1)ig] T,+[15+(10+L2+3L1)ig] T2 

CMPK L2<L1 (Stigt2igt L2+L1)T4+(3+5igt3L1)T> 
L2>L1 (6+2ig+L2+L1)T 4 +(8+3L2)T> 

ADDK L2¢L1 (6+3L1*ig)T4+110+(10+5L1-2L2)ig] To 
L2>L1 [6+(L2+2L1)ig] T,+114+(10+2L1+L2)ig] Tp 


if recomplement add: 


(3L14+1)T4+(5L1+7)T> 


SUBK same as ADDK 
MOVX L22L1 (5+L1)T4+3T4 (word move) * 
(6+2L1)T4+(2+i7)T2 (byte move) * 
L2<L1 (5+L2+L1)T4+3T9 
CMPX L22L1 (4+L2)T4+(3+L2+.5L1)T> (word compare)” 
(4+2L2)T4+(3+2L2+L1)T> (byte compare) * 
L2<L1 (4+L1)T4+(3+L1+.5L2)T> (word compare) * 
(4+2L1)T,+(3+2L1+L2)T> (byte compare) * 
TRNX (743L1)T4+(4+L1)T> 
EDTX Numeric Edit 
(L2 # 0) 
(44+L pg tL 2+L1)T 4 +(13+3C 4 +6C9+C3+2C4+3C5 
+7.5Cg)T9+[1.5L1+1)T 4+(5.5L1-1.5i7+igt+9)T 9] ig 
Alpha Edit 
(L2 = 0) 
(44+L +204 +Cq)T 4 +(5+204+Cgt2Cq)T2 
PAKX AT 1+7T ot l(3L14ig)T 4+(10L 14ig-1)T9] ig 
UNPX 4T44+7T ot [(L1+L2*ig)T 4+(5.5L1-1.5i7+ig+9)T 9] ig 
MOVL (5+L2)T,+2T> = (word move)” 
(5+2L2)T,+2T> (byte move)* 
SHFK [3+(7L.2+2i15+2iq¢)ig] Ty 


+(7+(8+15L2-(5+i 1 5)i4 gt(3+2i4 5t7i4 2)i 1 4)ig] T9 


LEGEND 


7300 7200 
T1 = memory reference cycle time IS 18 ps 
1.0 us with ECC ECC not available 
Tz = non-memory reference cycle time Bus 1.6us 


NOTE 
The above times will be increased by .2 jus if the computer is used for 
special purposes which require the machine to be run in a single processor 
state only. 
Ky = (iqtigtigtigt+2i5)T 9 
Ko = [(51+i4+i9)T 4] ip 


Kg = [44+2i9+i47+3i4g(15+16i49-i29)] Ta 


- lengths as specified in the machine language 
Lin = length of edit mask including new fill characters, characters to be inserted and all the edit 
operators. 
C; = count of source characters (digits) moved to result via the MC or MCS operators. 
Cy = count of source digits suppressed by fill. 
C3 = count of IC and ICS operators in edit mask. 
C4 = count of mask characters inserted or suppressed in result via 10 and ICS operators. 
C5 = count of SSD and SF! operators in edit mask. 
Cg = count of ISG operators in edit mask. 
igo = Oif 1=0 
1 if 140 
iy = Oif 120 
1 if 1<0 
ip = Oif 220 
1 if 2<0 


ig = Oif 1 and 2 have like signs 
1 if 1 and 2 have unlike signs 


i4 = number of one-bits in smaller of [1 | or }2| 
ig = 16 - bit # of MSB in smaller of |1] or ]2| 
ig = number of non-zero digits unpacked 


Oif L1 is even 
1 if L1 is odd 


= 
i] 


D-9 


D-10 


45 


46 


47 


4g 


149 


i20 


LEGEND (Continued) 


0 if L2=0 
1if L240 


0 if L1=0 
1 if L140 


sign extended shift count from 6th byte of instruction 
smaller of i,4 and (2L-1) 


Oif i79=0 
1 if i940 


0 if i4 470 left shift 
1 if iy 1< 0 right shift 


O if result of shift4#0 
1 if result of shift=0 


number of one-bits in [2 | 


0 if i47=0 
1 if 14770 


0 if single precision (CVD) 
1 if double precision (CVDT) 


bit position of MSB in 2 


INDEX 


INSTRUCTION INDEX 


BY MNEMONIC CODE 


Mnemonic Operation Page Mnemonic Operation Page 
Code Code Number Code Code Number 

ADD A2 4-4 CMPR 21 4-39 
ADDD B2 4-4 . CMPT 71 4-39 
ADDF 86 4-64 CMPX 55 4-40 
ADDI 32 4-5 CSTR 2A 4-51 
ADDK 52 4-5 CTB 12 4-76 
ADDM 62 4-6 CVB/CVBT AA 4-42 
ADDR 22 4-7 CVD/CVDT AB 4-43 
ADDT 72 4-7 
AND AS 4-21 DIO F2 4-83 
ANDD B5 4-22 DIV AQ 4-7 
ANDI 35 4-22 DIVD B9 4-8 
ANDM 65 4-22 DIVE 89 4-65 
ANDR 25 4-23 DIVI 39 4-9 
ARDI 5F 4-57 DIVK 7C 4-9 
ARDR 3F 4-57 DIVM 69 4-10 
ARSI 4F 4-58 DIVR 29 4-11 
ARSR 2F 4-58 

EDTX 57 4-44 
B ED 4-26 EOR A6 4-23 
BA1 E4 4-27 EORD B6 4-23 
BA2 E5 4-27 EORI 36 4-24 
BCF EQ: 4-27 EORM 66 4-24 
BCH EC 4-28 EORR 26 4-24 
BCM EF 4-77 
BCT EB 4-28 FLTF 82 4-67 
BOF E2 4-28 
BON E3 4-28 iBIT BF 4-18 
BR EB 4-29 INP F5 4-85 
BRN E1 4-29 INTF 81 4-67 
BRZ EO 4-29 INV A4 4-51 
BS1 E6 4-29 INVD B4 4-51 
BS2 E7 4-30 INVI 34 4-52 
BSR EA 4-30 INVM 64 4-52 

INVR 24 4-52 
CBY F9 4-35 iOR A7 4-24 
CBYM 6B 4-35 IORD B7 4-25 
CLDR 2B 4-51 IORI 37 4-25 
CMP Al 4-36 lORM . 67 4-25 
CMPD Bi 4-36 iORR 27 4-26 
CMPF 87 4-65 
CMPI 31 4-37 LLDI 5C 4-58 
CMPK 51 4-37 LLDR 3C 4-59 


CMPM 61 4-38 LLSI 4C 4-59 


Mnemonic Operation Page Mnemonic Operation Page 


Code Code Number Code Code Number 
LLSR 2C 4-59 SCN 14 4-81 
LOD AQ 4-52 SCFB 4B 4-31 
LODB F7 4-53 SCFF 49 4-31 
LODD BO 4-53 SCTB 4A 4-32 
LODF 84 4-68 SCTF . 48 4-32 
LODI 30 4-53 SF BA 4-31 
LODT 70 4-54 SHFK 3B 4-62 
LRDI 5D 4-59 116) F1 4-90 
LRDR 3D 4-60 SPM 15 4-82 
LRSI 4D 4-60 SR 13 4-41 
LRSR 2D 4-60 SRMB 47 4-32 

SRMF 46 4-32 
MOVB 6A 4-54 SRNB 43 4-33 
MOVL 5A 4-54 : SRNF 42 4-34 
MOVM 60 4-55 SRPB 45 4-33 
MOVR 20 4-55 SRPF 44 4-33 
MOV X 54 4-55 SRZB 41 4-34 
MPY A8 4-11 SRZF 40 4-34 
MPYD B8 4-12 STO FA 4-56 
MPYF 88 4-68 STOB F8 4-56 
MPYK 5B 4-12 STOF 8A 4-69 
MPYI 38 4-12 STOT FB 4-56 
MPYM 68 4-13 SUB A3 4-14 
MPYR 28 4-14 SUBD B3 4-14 
SUBF 85 4-69 
NEGF 80 4-69 SUBI 33 4-15 
NOP EE 4-41 SUBK 53 4-15 
SUBM 63 4-16 
OUT F6 4-85 SUBR 23 4-16 
SUBT 73 4-17 
PAKX 58 4-48 
PSTR 3A 4-56 TBIT BE 4-20 
TOFR 6E 4-20 
RAR FE 4-88 TONR 6C 4-21 
RBA 10 4-81 TRNX 56 4-50 
RBIT BD 4-20 TST 11 4-77 
RCN 14 4-81 
RDC F3 4-87 UNPX 59 4-49 
RDX FO 4-41 
RLDI 5E 4-60 WAR FE 4-78 
RLDR 3E 4-61 WRC F4 4-89 
RLSI 4E 4-61 WRO FD 4-78 
RLSR 2E 4-61 WRX FO 4-82 
ROFR 6F 4-18 
RONR 6D 4-19 ZADK 50 4-17 
RPM 15 4-82 
RRO FD 4-78 
RSAR FF 4-80 
SAR FF 4-80 
SB BB 4-30 
SBA 10 4-80 
SBIT BC 4-20 


BY OPERATION CODE 


Operation Mnemonic Page Operation Mnemonic Page 
Code Code Number Code Code . Number 
10 SBA/RBA 4-79/4-81 4D LRS! 4-60 
11 TST 4-77 4E RLS! 4-61 
12 CTB 4-76 4F ARSI 4-58 
13 SR 4-41 50 ZADK 4-17 
14 SCN/RCN 4-81 51 CMPK 4-37 
15 SPM/RPM 4-82 52 ADDK . 4-5 
20 MOVR 4-55 53 SUBK 4-15 
21 CMPR 4-39 54 MOVX 4-55 
22 ADDR 4-57 55 CMPX 4-40 
23 SUBR 4-16 56 TRMX 4-50, 
24 INVR 4-52 57 EDTX 4-44 
25 ANDR 4-23 58 PAKX 4-48 
26 EORR 4-24 59 UNPX 4-49 
27 IORR 4-26 5A MOVL 4-54 
28 MPYR . 4-14 5B MPYK 4-12 
29 DIVR 4-11 5C LLDI 4-58 
2A CSTR 4-51 5D LRDI 4-59 
2B CLDR 4-51 5E RLDI 4-60 
2C LLSR 4-59 5F ARDI 4-57 
2D LRSR 4-60 60 MOVM 4-55 
2E RLSR — 4-61 61 CMPM 4-38 
2F ARSR 4-58 62 ADDM 4-6 
30 LOD! 4-53 63 SUBM 4-16 
31 CMPI 4-37 64 INVM 4-52 
32 ADDI 4-5 65 ANDM 4-22 
33 SUBI 4-15 66 EORM 4-24 
34 INVI 4-52 67 IORM 4-25 
35 ANDI 4-22 68 MPYM 4-13 
36 EORI 4-24 69 DIVM 4-10 
37 IORI 4-25 6A MOVB 4-54 
38 MPYI 4-12 6B CBYM 4-35 
39 DIVI 4-9 6C TONR 4-21 
3A PSTR 4-56 6D RONR 4-19 
3B SHFK 4-62 6E TOFR 4-20 
3C LLDR 4-59 6F ROFR 4-18 
3D LRDR 4-60 70 LODT 4-54 
3E RLDR 4-61 71 CMPT 4-39 
3F ARDR 4-57 72 ADDT 4-7 
40 SRZF 4-34 73 SUBT 4-17 
41 SRZB 4-34 7C DIVK 4-9 
42 SRNF 4-34 80 NEGF 4-69 
43 SRNB 4-33. 81 INTF 4-67 
44 SRPF 4-33 82 FLTF 4-67 
45 SRPB 4-33 84 LODF 4-68 
46 SRMF 4-32 85 SUBF 4-69 
47 SRMB 4-32 86 ADDF 4-64 
48 SCTF 4-32 87 CMPF 4-65 
49 SCFF 4-31. 88 MPYF 4-68 
4A SCTB 4-32 89 DIVF 4-65 
4B SCFB 4-31 8A STOF 4-69 
4c - LLS! 4-59 AQ LOD 4-52 


Operation 
Code 


Al 
A2 
A3 
A4 
Ad 
A6 
A7 
A8 
A9 
AA 
AB 
BO 
B1 
B2 
B3 
B4 
BS 
B6 
B7 
BS 
B9 
BA 
BB 
BC 
BD 
BE 
BF 
EO 
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
EQ 
EA 
EB 
EC 
ED 
EE 
EF 
FO 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
FQ 


Mnemonic 
Code 


CMP 
ADD 
SUB 
INV 
AND 
EOR 
IOR 
MPY 
DIV 
CVB/CVBT 
CVD/CVDT 
LODD 
CMPD 
ADDD 
SUBD 
INVD 
ANDD 
EORD 
iORD 
MPYD 
DIVD 
SF 


NOP 
BCM 
RDX/WRX 
<7 10) 
DIO 
RDC 
WRC 
INP 
OUT 
LODB 
STOB 
CBY 


4-77 


4-41/4-82 


4-90 
4-83 
4-87 
4-89 
4-85 
4-85 
4-53 
4-56 
4-35 


Operation 


Code 


Mnemonic 
Code 


STO 

STOT 
RRO/WRO 
RAR/WAR 
SAR/RSAR 


Page 
Number 


4-56 
4-56 
4-79 
4-77/4-78 
4-80 
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COMMENTS FORM 


7200 Processing Unit Reference Manual -- 2903.002 


Please send us your comments, to help us produce better publications. Use the space below to 
qualify your responses to the following questions, if you wish, or to comment on other aspects of 
the publication. Please use specific page and paragraph/line references where appropriate. All 
comments become the property of the Memorex Corporation. 


@ ~=Is the material: Yes No 
Easy to understand? iio Hee. is cin “tee Bie Ay wd es, Teed cbt oa “AE ca ne a) 0 
Conveniently organized? . . . . . 1... we ee ee aa) Oo 
Gompletes of oe Se ele te a a Oe Ge a a, OS o 0 
Wellillustrated? 2. 2... ww we ee ee 0 Oo 
Accurate? Behe es adn ee ae ae tee ce a Sat Gia a cae! Ga ed ae i) Cc} 
Suitable for its intended audience? . . .......... 0 0 
Adequately indexed? . 2... 1. ww we eee () 8 

e For what purpose did you use this publication (reference, general interest, etc.)? 

e Please state your department's function: 


Please use the space below to describe any specific comments which you feel will help us to 
produce a better publication. 
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No Postage Necessary if Mailed in the United States 


co Postage Will Be Paid By 


Memorex Corporation 


im 
©) 


Santa Clara Publications 
ae | Department 9722 — M/S 00-21 
1200 Memorex Drive 
Santa Clara, California 95052 
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Thank you for your information............. 


Our goal is to provide better, more useful manuals, and your 
comments will help us to do so. 
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